





























I, INTRODUCTION 


The history of experimental psychology has been a peculiar 
one, inasmuch as the early experiments were all more or less of 
a quantitative nature. It has been only recently that system- 
atically conceived and experimentally controlled qualitative ex- 
periments have found a place in the psychological literature. 
Early in the history of this development we find the formulation 
of the psychophysical methods. From the time of their formula- 
tion, they have appeared largely in the experimental literature. 
The development of the methodology for psychophysics has pro- 
ceeded along both mathematical and experimental lines until now 
we have the newer form of the method of constant stimuli, with 
which the observer is kept in ignorance of the objective relations 
of the stimuli which he is comparing. There is little advance to 
be hoped for either from the experimental or the mathematical 
viewpoint in this method as it now stands. 

But very few investigators have raised the questions, as to what 
is it that we are really measuring with the psychophysical methods 
and what are the processes involved in such measurements. The 
few investigators who have raised these questions have failed to 
make any very systematic attempts to answer them. Our present 
investigation is an attempt to answer the question regarding the 
conscious processes which are present in determinations by the 
method of constant stimuli. We will not be at all concerned in 
the quantitative aspects of the problem but will be solely in- 
terested in a structural analysis and in a functional description 
of the processes themselves. We have employed several modal- 
ities of stimulus and both simultaneous and successive presenta- 
tions of the stimuli, so that our analysis may be as broad and ex- 
tensive as possible. In two cases we have employed the identical 
experimental arrangements which have formally been reported 
from the statistical side in the experimental literature. Although 
we have employed the experimental form of the method of con- 
stant stimuli throughout our investigation, we believe that our re- 
sults are of interest for the light that they may throw upon the 
problem of the processes involved in the process of comparing in 
general and in the formation of the judgment. 








II. HISTORICAL 


The analysis of the process of comparing is an ancient problem 
in the history of human thought. When one attempts to write a 
short historical outline indicating how this problem has been 
handled in the past, he finds himself swamped with an exceed- 
ingly large and controversial speculative literature. We shall not 
do more, therefore, than to touch upon a few of the principal 
ideas which have been advanced. 

Aristotle first sharpens the issue by asserting that the process 
of comparing is carried on in terms of the mental image. This 
process, as he envisaged it, was exceedingly simple. In the case 
of the comparison of successive objects, one recalled a concrete 
image of the first object,—an image of the same modality as the 
original sensation,—and made a direct and immediate comparison 
between the recalled image and the present stimulus. 

This explanation of Aristotle’s was held more or less explicitly 
or implicitly in most of the philosophical systems from his time 
until that of Locke. Locke’ makes the process of comparing 
even more simple by insisting that discrimination or discerning 
is a fundamental mental faculty, “ . . . whereas it in truth de- 
pends upon this clear discerning faculty of the mind, whereby it 
perceives two ideas to be the same or different.’”* This concept 
was taken up and is to be found in all of the systems of the 
so-called “Faculty” psychologists. In Bain,* perhaps, we have 
one of the most comprehensive expositions of this viewpoint. 
(P. 321): “The primary, or fundamental attributes of Thought, 
or Intelligence, have been already stated to be, Consciousness of 
Difference, Consciousness of Agreement and Retentiveness’”’ 
(Italics Bain’s). And again, (p. 325) “what is termed Judg- 
ment may consist in Discrimination on the one hand, or in the 
Sense of Agreement on the other: we determine two or more 


1 An Essay Concerning Human Understanding. 1680. 
2 Ibid. 22d Edition. London, 1812, Vol. I, pp. 135. 
3 The Senses of the Intellect. 3d Edition, London, 1868. 
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things either to differ or agree. It is impossible to find any case 
of judging that does not, in the last resort, mean one or other 
of these two essential activities of the intellect.” 

These, then, are the two great opposing concepts which have 
appeared before the purely experimental attack on the. problem. 
We find, in surveying the experimental literature, a great deal 
of confusion, largely in the matter of terminology. We fre- 
quently find, even in the later experimental literature, an equality 
judgment spoken of as a recognition; and indeed even the expres- 
sion “‘the recognition of difference” is to be met. Also the entire 
literature on judgment could be included under our topic, al- 
though there is much material here that does not have to do with 
the process of comparing per se. All of which is merely another 
indication of the rather obvious fact, when dealing with the 
higher intellectual processes, that it is extremely difficult to set 
exact limits to the field of endeavor. Only by a series of ab- 
stractions can one survey one of these intellectual processes in 
isolation from the others. We shall deal in this summary only 
with those experimental studies which bear directly upon our 
present problem. 

Let us first consider very briefly the studies of the recognitive 
consciousness. This becomes necessary because it may be argued 
that the process of comparing which leads to a judgment of 
similarity may indeed be in the nature of a recognition. The Leh- 
mann-HOoffding controversy in this regard is exceedingly well 
known. Lehmann,* on the basis of certain experiments asserted 
that a reproduced image was necessary for a recognition. Hoff- 
ding® denied this and insisted that the recognition may be im- 
mediate and that it is characterized by a quality of known 
(Bekanntheitsqualitat). Most of the later experiments have been 
aimed at one side or another of this controversy. 

Turning now to the experimental studies bearing more directly 
on our problem, we find very few significant papers. This is 
particularly surprising when we consider the vast amount of ex- 
perimental work which has been done with the process of com- 


4Ueber Wiederkennen. Phil. Stud., V., 1880, 96-156. 
5Zur Theorie des Wiederkennens. Phil. Stud., VIII., 1893, 86-06. 
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4 SAMUEL W. FERNBERGER 


paring. All of the quantitative work which has employed the 
psychophysical methods in the field of sensation has made use of 
this process. But the interest of the workers has been in the 
quantitative aspects of the problem rather than in the qualitative 
analysis of the process itself. Indeed very few of the workers 
in the field have attempted a real introspective analysis of this 
process under properly controlled conditions. Several inves- 
tigators have recorded introspections more or less systematically 
as a mere bi-product of their quantitative work. 

Fechner® held a view which differed considerably from the 
Aristotelian concept of the comparing of an image of a former 
experience with the present sensation in the formation of a judg- 
ment of difference or similarity. Fechner’s work, in the field of 
lifted weights, had to do largely with the quantitative aspects of 
the problem and his qualitative analysis was purely incidental. 
He seized upon the concept of the “innervation sense,” then cur- 
rently accepted, and made this fundamental for his concept. We 
do not compare, says Fechner, the images of the sensations of the 
stimuli but rather the amount of innervation of the muscle neces- 
sary to lift the weight. 

Miiller and Schumann’ with a carefully planned experimental 
arrangement made an investigation which led them to attack this 
concept. The theory of the innervation sense had fallen more or 
less into disrepute by this time. These authors believe that both 
stimuli are lifted with the same motor impulse. Hence the lighter 
weights will be raised relatively more quickly and the heavier 
stimuli will be raised less quickly. Therefore these authors believe 
that the speed with which the comparison stimulus is lifted is the 
primary factor in the formation of our comparison judgments as 
well as in the formation of our judgments of absolute weight. 
They find confirmatory evidence for this view in the abnormal 
literature. Hence although pressure sensations may form a part 
of our judgments still the kinaesthetic group with special refer- 
ence to the speed of lifting is of primary importance. 


® Elemente der Psychophysik, 2d Edition, Leipzig, 1880. 
TUeber die psychologischen Grundlagen der Vergleichung gehobenen 
Gewichie. Arch. f. d. ges. Physiol. (Pfliger), XLV., 1880, 37-112. 
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Fullerton and Cattell® believe that their experiments refute the 
statements that either the speed of the movements or the extent 
of the movements plays an important part in our comparing of 
weights. They believe that the chief factor in judging is that the 
subject holds each stimulus with just enough force to keep it from 
slipping out of his fingers, and hence the factors in judging are 
partly cutaneous sensations of the fingers against the weight and 
partly muscular sensations in the fingers. 

Martin and Miller’ follow the concept expressed by Miller 
and Schumann and extend it by further experimentation in the 
field of lifted weights. They emphasize the type of comparison 
which the former authors announced and crystallize and clarify 
this still further. The authors say that the subjects approach the 
second weight with a motor set (Einstellung) occasioned by the 
lifting of the first weight. Then when the second weight is lifted 
in the presence of this motor set or preparation the stimulus goes 
up more or less rapidly, and the awareness of this gives rise to 
our judgments of difference. These authors also emphasize the 
influence of the absolute impression of each of the stimuli, which 
seems to be present to consciousness in tactual and kinaesthetic 
terms, and which for these authors is an immediate experience. 
With Martin and Miiller we have the first real attempt at any- 
thing like a careful introspective analysis. For example, they 
note individual differences between their subjects; for Observer 
Jost, the absolute impression seemed to be an immediate kinaes- 
thetic-tactual awareness; while for Observer Henri, there was a 
mediating visual schema and each group of kinaesthetic sensations 
was placed in this visual schema before the absolute judgment 
was given. 

Kinnaman.*° analyses the consciousness for the comparing 
of lifted weights still further. He insists that there is a great com- 
plex of sensations but that in each lifting one of these is focal 
and the rest are marginal. For non-intensive stimuli, the focal 
sensation is apt to be of tactual modality, while for more intensive 

8 On the Perception of Small Differences. Philadelphia, 1892. 


® Zur Analyse der Unterschiedsempfindlichkeit. Leipzig, 1899. 
10 A Comparison of Judgments for Weights Lifted with the Hand and Foot. 


Amer. Jour. of Psychol., XI1., 1900, 240-263. 
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stimuli this focal sensation, which seems to be the basis of the 
comparison, is of a kinaesthetic sort. If kinaesthetic criteria are 
employed, Kinnaman believes that the judgment is made on the 
basis of the sensations at the very beginning of the lifting of the 
second stimulus. The overcoming of inertia to start the weight 
from the table seems to be the important factor. Hence the 
judgment is made from the time that the lift is started until the 
time that ‘the weight leaves its support, rather than from the 
totality of sensation when the weight is at the top of the lift. 
“From our standpoint, the basis of judgment appears to be the 
memory of a former change of sensation as compared with the 
present changing sensation” (p. 257). 

Angell” working with the comparing of shades of gray as 
his materials makes several interesting contributions. He used 
various time intervals between his stimuli, ranging from 5 to 60 
seconds. “As regards the reactions for 5 seconds, it has been 
observed that the demeanor of the subjects for the shorter inter- 
vals is commonly, though not invariably, different from what it 
is in the longer. In the 30 and 60 second intervals, the subject is 
apt, soon after the exposure of the norm, to relax the trunk 
muscles, settle himself in an easy attitude, to breathe easily and 
to move the eyes from time to time over the background. During 
the shorter periods, the subjects usually try to maintain uniform 
sensory conditions for both norm and comparison stimulus, the 
tension sensations from the trunk, respiration and eye muscles 
are kept constant in order apparently to make the conditions as 
much alike as possible. Accordingly we have, for most sub- 
jects, a much larger mass of background of sensation entering 
into the comparison of shorter intervals and, in all probability, 
more genuine acts of comparison” (p. 18). Angell also em- 
phasizes a type of judgment which consists merely in a verbal 
characterization of the stimuli. 

Hayden™ also emphasizes this fact of the verbal characteri- 


11 Discrimination of Shades of Gray for Different Intervals of time. Phil. 
Stud., XIX, 1902, 1-21. 
12 Memory for Lifted Weights. Amer. Jour. of Psychol., XVII, 1906, 497- 
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zation of the stimuli and believes it to be the important 
criterion. Hayden deals with lifted weights and the verbal char- 
acterization was of the absolute weight of his stimuli. Hayden 
also finds that judgments of similarity are of a negative character, 
t.e. such as the subjects make when the criteria for the other 
judgments are lacking. He finds that there is an uncertainty in 
making judgments of this sort, which shows itself especially in a 
lengthened reaction. Hayden, then, accepts the Miller and Schu- 
mann concept of a motor set or adjustment in the presence of 
which the second stimulus is lifted. He insists, however, that the 
impulse of this adjustment is largely a verbal image which gives 
the position of the standard weight in a scale of values. 

Angell’** takes up this matter of the negative character of the 
equality judgment, working in the field of sound intensities. He 
finds that several factors are present. The type of subject is an 
important factor, 1.e. whether he is impulsive or deliberate. The 
course of the experimentation also has a bearing, i.e. whether the 
series contains many or few difficult judgments. Also the time 
interval between the stimuli is important in this respect because, 
with the shorter time intervals, the subjects can maintain more 
constant bodily conditions for comparing. The point Angell 
strongly emphasizes in this paper is that, in early stages of prac- 
tice, the judgments of similarity are usually of a negative char- 
acter, t.¢. the subjects fail to note a difference between the stand- 
ard and comparison stimuli, and hence these judgments are hardly 
distinguishable from the doubtful judgments. In the course of 
time, however, this absence of difference becomes a positive mark 
and, in this stage of practice, equality judgments are given with 
a great degree of conviction. Angell conceives the structural 
basis for this transition in the following way. (P. 259): “In 
the first place, most of the judgments of like in the early stages 
must be excluded as inferences. . . . They quickly become 
more and more syncopated and condensed until they exist as an 
abstract state of knowing (Bewusstheit),—abstracted, that is, 
from any background of imagery or sensation.”’ “In the present 


18QOn Judgments of “Like” in Discrimination Experiments. Amer. Jour. 
of Psychol., XVIII, 1907, 253-260. 
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8 SAMUEL W. FERNBERGER 


investigation, the decision on the comparative loudness of the 
sounds became practically a reaction or response to the second 
sound in terms of ‘louder,’ ‘softer’ or ‘like.’ These terms, or some 
abstract equivalent of them, were ‘nascent’ to use a Spencerianism 
and when the comparison sounded, it was immediately thought 
of as under one of the categories. Occasionally it was classified 
by means of some sensory sign,—resonance for example,—but 
usually the classification resulted without sensory or ideative 
basis.” 

We come now to two papers in which the introspective analysis 
is featured, although quantitative aspects of the problem engage 
the attention of the authors to a very great extent. In these 
two papers, for example, the actual introspections of the subjects 
are given with much greater frequency than in any of the studies 
which we have summarized. Bentley** employed visual bright- 
nesses (grays) and colors as his materials. His method was 
to expose a color and then, after a distraction period of varying 
length up to five minutes, to ask his subject to call up a visual 
image of this color and then compare it with the stimulus which 
was shown again. Bentley emphasizes the fact that as simple an 
object as a gray permits of a noteworthy latitude of the modes 
in which it may be recalled. An individual of predominantly 
visual type may recall the first stimulus as a direct concrete visual 
image. But names or verbal descriptions are not entirely ex- 
cluded and become of primary importance where the verbal type 
of memory is strong and the visual deficient. Also strain sen- 
Sations about the head and in the trunk with, perhaps, general 
bodily sensations seem to facilitate retention and comparing in 
certain cases. 

Whipple* still further emphasizes the qualitative aspects 
of the problem. He employed clangs and tones as his stimuli. 
Whipple also emphasizes very strongly the fact that the image of 
comparison need not be of the same modality as the original 


14 The Memory Image and Its Qualitative Fidelity. Amer. Jour. of Psychol, 
XI, 1899, 1-48. 

15 An Analytic Study of the Memory Image and the Process of Judgment 
in Discrimination of Clangs and Tones. Amer. Jour. of Psychol., XII, 1901, 


400-457; XIII, 1902, 219-268. 
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stimulus. Also many immediate judgments may take place in 
which there is apparently no trace of an image of any sort. Great 
individual differences are noted by Whipple between his different 
subjects. Kinaesthetic and visual factors may form the basis 
of the comparison process as well as the auditory, or any com- 
bination of these modalities may be present. Let us quote 
Whipple. (Pp. 259f.): “The presence of the auditory image 
is not necessary to the recognition of either difference or equality. 
Judgments without the slightest trace of comparison are so fre- 
quent as to be the prevailing type for most observers. . 

The auditory image may be present in the judgment consciousness 
but not of itself an object of attention, not serving as a basis of 
comparison. This is most common in judgments of identity 
which tend to be immediate. The auditory image may be an 
essential componant of the judgment consciousness, becoming a 
direct object of the attention, after the attention has once been 
given to the variable. Such judgments exhibit a true process of 
comparison. Judgments of higher and lower made without con- 
scious reference to the (auditory) image, are largely analysable 
into complexes of strain sensations with less prominent visual 
and organic elements, set free neurologically by the variable 
stimulus. The two chief factors, feelings of tightening and re- 
laxation for higher and lower respectively, were reported through- 
out the tests with discrete tones. These strains were especially 
noticeable in chest, throat, eyebrows, scalp and about the ears. 
Judgments of equality or identity without the presence and use 
of the auditory image are not so frequent as judgments of dif- 
ference. Usually in the equality judgment there is an alternation 
of images and a real comparison.” 

This summary does not attempt to be exhaustive with regard 
to the experimental literature which is more or less related to our 
topic. We believe, however, that it is representative of the prin- 
cipal viewpoints which have appeared in the literature. In 
general,.then, the old concept advanced by Aristotle of the process 
of comparing as a direct comparison of a concrete image of one 
stimulus with the sensation of another has been enlarged to a very 
considerable extent. Most investigators attest the presence of 
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the immediate judgment, which is variously explained as being 
of the nature of an absolute judgment, or as being an immediate 
and direct ‘knowing.’ Also it has become recognized that im- 
agery of modalities other than that of the standard stimulus may 
be of very great importance in the formation of a comparison 
judgment. The kinaesthetic and verbal forms of imagery have 
been emphasized in this regard. 























Ill. METHODS AND MATERIALS 


Our experimental investigation of the process of comparing 
was carried on in the Laboratory of Experimental Psychology, 
Clark University during the winter and spring of 1913, and 
throughout the academic year of I914-I9I5. 

The subjects who kindly consented to act in these experiments 
were Miss E. Bowman (B), Mr. H. R. Crosland (C), Mr. E. O. 
Finkenbinder (F), Miss S. C. Fisher (Fs), Mr. F. J. O’Brien 
(O) Mr. D. I. Pope (P), Mr. G. S. Snoddy (S), Mr. R. B. 
Teachout (T), Mr. R. H. Wheeler (W), and Miss E. L. Woods 
(Wd). All of these were graduate students in experimental 
psychology and all but two of these subjects had considerable and 
extensive training in the handling of the method of systematic 
experimental introspection. The two subjects who lacked this 
training (B and T) had had a good deal of experience in psycho- 
logical procedure and experimentation, and also acquired an in- 
trospective training rapidly during the progress of the experi- 
ment.* 

The experiments were divided into four parts, the materials 
for each part appealing to a different sense modality. In the first 
part of the experiment, we employed lifted weights as our mate- 
rials, and worked intensively upon this series during the winter 
and spring of 1913. During the year 1914-15 we employed as 
our experimental materials for the process of comparing short 
lengths of lines, noises, and finally a series of grays. In the first 
part of the experiment with lifted weights the subjects employed 
were F., Fs., P., W., and Wd. In our experiments with noises 
and short lengths of lines, B., C., Fs., O., S., T., and W. acted as 
subjects. In our last series of grays the subjects were B., C., Fs., 


1] wish to take this means of expressing my gratitude to those who acted 
as observers in this investigation and for their efficient and willing coédperation. 
I take this opportunity also of expressing my deepest gratitude to Prof. J. W. 
Baird for suggesting this problem and for his many suggestions during the 
experimentation. 
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12 SAMUEL W. FERNBERGER 


O., S., and T. All of the subjects were entirely naive as to our 
particular procedure of presentation of stimuli at the start of each 
series of experiments. 

Procedure: The criticism against the method of experimental 
systematic introspection has been made that the materials pres- 
ented in the earlier experiments which used this method were so 
different from exposure to exposure that they failed to arouse 
similar states of consciousness. In order to overcome this 
criticism we employed throughout the strictest form of the method 
of constant stimuli in the presentation of our materials. This 
method undoubtedly overcomes this very criticism in a better 
manner than any other method of presentation of material. By 
means of the employment of this method we had also hoped to 
obtain quantitative data which might perbaps throw. some light 
upon the questions of present interest. In this, however, we were 
not entirely successful, because we could not obtain a sufficient 
number of judgments to be properly treated statistically, and our 
qualitative findings will be alone discussed in the present paper. 

As regards the particular method for the experiments with 
lifted weights, our procedure was exactly similar to that de- 
veloped by Urban.*? The weights were hollow brass cylinders 
two and one-half inches in diameter and one inch high, open at 
one end. They were filled with solder which was then scratched 
out until the weights had the proper intensity. Our set of 
weights, although carefully tested, did not show in any case a 
variation as great as ten milligrams throughout our experiment. 
These weights, fourteen in number, were placed about the circum- 
ference of a table with a revolving top. Seven of the weights 
were standard stimuli of one hundred grams, the other seven 
formed a comparison series from eighty-four to one hundred and 
eight grams in steps of four grams. By means of the turning- 
top table, the stimuli could be brought in succession directly un- 
der the hand of the subject, and hence all space errors were 
eliminated. The time errors were always in the first order,— 


2F. M. Urban, The Application of Statistical Methods to the Problems of 
Psychophysics, Philadelphia, 1908, pp. 1-6; S. W. Fernberger, On the Relation 
of the Methods of Just Perceptible Differences and Constant Stimuli, Psychol. 


Mono., No. 61, 1913, pp. 6-11. 
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that is, the standard weight was always lifted first. The subject 
was seated comfortably at a table which supported his right 
arm, the hand hanging over the edge and passing through an 
aperture in a screen which veiled the stimulus table entirely from 
view. The lifting of the weights was regulated by means of a 
metronome which beat ninety-two times per minute, every fourth 
beat being accentuated by the ringing of a bell. The lifting of 
every weight required four beats of the metronome. After every 
second weight was replaced the subject gave immediately and ver- 
bally a judgment, by expressing a single word. The categories 
of lighter, heavier and equal were employed. A heavier judg- 
ment indicated that the second weight of every pair was sub- 
jectively heavier than the first weight of that pair. A lighter 
judgment indicated that the second weight of each pair was sub- 
jectively lighter than the first weight. The category of equality 
judgments included not only those cases of actual subjective 
equality, but also all cases in which the subject was unable to tell 
whether the second stimulus was lighter or heavier than the first 
stimulus,—so-called ‘doubtful’ cases. It is needless to say that 
the subjects did not have any knowledge of the objective re- 
lations of the stimuli. 

At every sitting we presented to each subject a series com- 
prising five complete revolutions of the table,—that is, five judg- 
ments on each of our comparison pairs, or thirty-five judgments 
in all. In this series the subjects were instructed not to give 
introspections. We then presented what was termed the intros- 
pective series. In this latter, one pair of weights was presented 
to the subject, which were lifted in the proper rhythm, and upon 
which a judgment was given. A second pair was immediately 
presented in the proper rhythm upon which a judgment was again 
given. Then the experiment was immediately stopped and an 
introspective description was given by the subject of everything 
that appeared in consciousness from the time of the giving of 
the judgment upon the first pair of weights. By the presentation 
of the first pair we hoped to have our conditions as nearly similar 
as possible to those of the actual non-introspective series, that is, 
this first pair was given as a ‘warming-up’ pair, so that the hand 
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movements might become as automatic as possible. In this way 
we obtained an introspection at each sitting upon each of the 
seven stimuli in our comparison series. At the end of this in- 
trospective series we again presented to the subject a series of 
five rounds of the table without introspections. 

With this procedure and these materials we hoped to be able 
to obtain an introspective account of the process of comparing 
for an easy lighter and a difficult lighter, an easy heavier, a difh- 
cult heavier, an actually equal, and finally a doubtful judgment. 
We introduced the series without introspections in order that the 
process of mechanization might progress more rapidly until the 
process of comparing became as automatic as possible. It is 
with this in view that we have planned all of our comparison 
series. In the series of lifted weights we obtained twenty-five 
introspections on each of our comparison pairs “from each of 
our subjects. 

Our series in the comparison of small differences in the 
lengths of short lines, was exactly a duplication of that employed 
by Maxfield.* The standard lines were printed in black four- 
point type, 150 printer’s points long. The comparison series of 
the same width of line varied from 144 to 156 printer’s points, 
in steps of two printer’s points. These lines were printed on 
separate cards, three and one-half by twelve inches, each line being 
separated by one inch of the white card. These seven cards were 
placed on a revolving drum (see Maxfield, ibid, pp. 2 and 3) by 
means of which each card was brought to rest for approximately 
one and one-half seconds behind an opening two and one-half 
by ten inches, cut in a black fixation screen. The standard stimulus 
was always to the left, the comparison stimulus to the right. 
Hence the space error was in the first order, the time error being 
constant. The subject was instructed to give a judgment in terms 
of the three categories longer, equal and shorter, these categories 
being defined as previously. A non-introspective series of five 
judgments upon each comparison pair was obtained at the be- 
ginning of the sitting. Following this an introspective series was 


8F, N. Maxfield, an Experiment in Linear Space Perception, Psychol. 
Mono., No. 64, 1913, pp. I-5. 
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used in which the subject gave an introspection upon his forma- 
tion of the judgment for each one of the comparison pairs. In 
this the subject was instructed to fixate the pair then in view, and 
to make a judgment upon the next pair which came in front of 
the aperture. The experiment was then stopped and the subject 
was asked to give a complete introspective account of what had 
occurred in consciousness during this entire procedure. This was 
followed by a non-introspective series of five judgments on each 
of our comparison pairs at the close of each sitting. Ten in- 
trospections on each of our comparison pairs were obtained from 
each of our subjects. 

In the sound experiments we utilized the sound pendulum as 
our material. The standard stimuli were obtained by allowing the 
hammer to fall upon the ebony block through an angle of 50’. 
The comparison stimuli were obtained by raising the hammer 
from 35° to 65°, insteps of 5°. The subject was seated behind 
a screen so that he was unable to see the manipulation of the ham- 
mers. Approximately one second elapsed between the standard 
and comparison noises, and one second between pairs. Im- 
mediately after the comparison stimulus, the subject was asked 
to give a judgment by vocalizing a single word, in terms of the 
three categories louder, softer, and equal, as before defined. 
At each sitting we obtained a non-introspective series of five 
judgments on each of our comparison pairs. This was followed 
by an introspective series of one judgment on each of our com- 
parison pairs and then by a non-introspective series of five judg- 
ments on each pair at the conclusion of the sitting. In our intro- 
spective series, after a ready signal, the standard and comparison 
stimulus upon which we wished an introspection were given and 
the experiment at once stopped, and the introspection taken. 
After carrying through five such series, we gave to each subject 
a rather long practice series of two hundred judgments on each 
of our comparison pairs. This was followed by five more series 
with introspections. By the introduction of such a long practice 
series we hoped to obtain a picture of the process of comparing at 
a very high state of mechanization, a higher state, indeed, than 
had been reached in any of our other experiments. 
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Finally we employed a series of grays as our comparison 
material. Each pair consisted of a standard gray (number 27 
of the Hering set) and comparison grays numbering 17, 20, 28, 
27, 30, 37 and 38 of the Hering set. We find it impossible, by 
means of photometric readings, to obtain a series of grays with 
equal distances so we merely chose certain grays which we be- 
lieved would give us energetic comparison consciousnesses of easy 
and difficult, lighter and darker, of equal and of doubtful judg- 
ments. Each stimulus was a rectangle one and one-half by two 
inches. These were presented by means of the revolving drum 
used in our experiment in the comparing of the length of lines, 
so that every pair was present before the aperture about one and 
one-half seconds. The standard gray was always to the left, the 
comparison gray to the right, hence the space error was in first 
order, the time error being eliminated. As soon as possible, the 
subject was required to give a judgment in terms of the left- 
hand gray in accordance with the three categories already de- 
scribed. In this experiment also, we employed at each sitting a 
non-introspective series of five judgments upon each pair, which 
was followed by an introspective series of one judgment upon 
each pair, and this again was followed by a non-introspective 
series of five judgments on each pair. In the introspective series, 
the subject at a ready signal was told to fixate the grays which 
appeared in the aperture and to give a judgment upon the next 
pair which appeared. Then the experiment was immediately 
stopped and an introspective account taken of the formation of 
this judgment. 

It will be noticed that by these procedures we have appealed, 
we believe, to at least four modalities of perceptive discrimina- 
tion. The lifted weight series which should appeal largely to the 
tactual and motor; the series on the length of lines should appeal 
largely to the visual, both kinaesthetic of eye-movement and re- 
tinal; the series with sounds appeals primarily to auditory dis- 
criminative ability, while our final series of grays should appeal 
more largely to purely rentinal factors. It will furthermore be 
observed that we have employed both simultaneous and successive 
presentations of our discriminative material; the stimuli of the 
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lifted weight and sound series being given in successive fashion, 
while the series of length of lines and the series of grays were 
given in strictly simultaneous fashion. By this means we hoped 
to obtain an introspective description of the content of con- 
sciousness and the mental procedure of the process of comparing 
under these two very different means of presentation of material 


to consciousness. 
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IV. RESULTS 


1. Introspections 


In this section we present typical introspections obtained from 
each observer in each series of these experiments. It will be 
observed that a serial number appears at the beginning of each 
introspection to the left of the date. This is a purely arbitrary 
number which is inserted here for convenience in subsequent 
reference. The series number, which appears next to the right, 
refers to the day upon which this introspection was obtained. 
Hence “Series IV’’ would indicate that this introspection was 
obtained during the fourth day of experimentation for this ob- 
server upon this particular experimental series. Next to the right 
appears the date upon which this particular introspection was 
obtained. Then appears the intensity of the comparison stimulus, 
and finally the judgment given by the observer. This is followed 
by the introspection as it was dictated by the observer. 


Osserver W. 


The Comparing of Lifted Weight Stimuli 


1. Series I. 2/19/13. 88. ‘Lighter.’ “When I lifted the first weight I 
was aware of pressure sensations on thumb and fingers and also of the 
pulling of the weight upon the muscles. This sensation was very similar 
to the tactual sensations and was localized vaguely in the joints of the fingers 
and the knuckles, also extending somewhat into the wrist. Attention fluctuated 
from these sensations to a visual image of my hand and of the weight which, 
however, was not very clear. An image of a tactual and kinaesthetic sort of 
the first weight remained in consciousness during the lifting of the empty 
hand and up to the grasping of the second weight. Almost immediately upon 
the lifting of the second weight I noted that the pressure sensations on the 
fingers were not so intensive nor were the kinaesthetic sensations of pull so 
intensive as the images of the first weight of which I had been aware a 
moment before. I then had a visual image of a weight, small and light in 
color and somewhat to the right, while to the left I had a visual image of 
a weight, large and very yellow. These images were respectively of the 
second and first weights.” 


2. Series I. 2/19/13. 92. ‘Lighter.’ “The first weight seemed absolutely 
heavy, due to very intense pressure on the fingers and intensive pull on the 
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muscles and joints of the hand. Of these two factors the pressure sensations 
were the more clear and seemed to be the more important. I then had a 
visual image of a weight and of my hand grasping it. These processes were 
attended to very keenly. When the second weight was lifted I was sur- 
prised that it was so much lighter. The weight appeared to come up very 
easily. This is the first time that I have noticed a preparation of the muscles 
to lift the weight as I had apparently expected a heavy one. I am unable 
to give any content of consciousness to account for this preparation. The 
first thing I was aware of was the ease of lifting. I noticed in kinaesthetic 
terms that the weight came up more rapidly and I later visualized this 
rapidity of movement. I began to introspect before the weight was returned 
to the table.” 


3. Series Il. 2/26/13. 100. ‘Heavier.’ “The weights and the table were 
visualized before the first weight was lifted. I was very clearly conscious of 
the pull on the muscles and joints of the hand, and also of muscular sensa- 
tions in the upper forearm during the lifting of the first weight. There was 
also in consciousness sensations of pressure on the weight and also of move- 
ment in the wrist. When the weight was lifted to the top of the stroke I 
was conscious of stretching the skin, particularly about the knuckles. These 
sensations, however, were very diffuse. These sensations were all very clear 
and relatively intensive. The sensations, particularly those of pressure of 
the fingers on the weight and the kinaesthetic sensations in the upper fore- 
arm, were present to consciousness throughout the lifting of the empty hand 
and up to the grasping of the second weight. All of the sensations just 
mentioned were present during the lifting of the second weight and I was 
aware of very intensive sensations, particularly in the upper forearm and in 
the fingers. I then visualized both weights, the first weight to the left, the 
second weight to the right. Both weights were of the same size and color 
but the weight to the right was lower than the one to the left.” 


4. Series III. 3/5/13. zog. ‘Heavier. “The first weight seemed very 
heavy, which brought about an increased concentration of attention as well 
as a visualization of the process. I was aware of tactual sensations from the 
fingers which attracted attention, and all other factors apparently went out 
of consciousness, with the possible exception of the kinaesthetic sensation in 
the forearm. I then had a very clear visual image of the first weight in air 
as well as an image of the kinaesthetic and tactual factors which were present 
throughout the lifting of the empty hand. Then the second weight was 
lifted and I was conscious of the same tactual and pressure sensations on 
the fingers, and later I was conscious of an increased pulling down in 
kinaesthetic terms, localized in the fingers and wrist. I then visualized the 
second weight as lower and nearer to the table than the first weight. The 
second weight was also visualized as solid and the first was visualized as 


translucent.” 


5: Series III. 3/15/13. roo. ‘Heavier.’ “Just before the first weight was 
lifted I was aware of strain in the forehead and eyelids. I did not visualize 
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the weights as they were presented to me. The first weight was picked up 
and I had a very clear tactual sensation of the pressure of the fingers on the 
weight, this time without any visualization of this process. I was then aware 
of very clear kinaesthetic sensations in the wrist and upper forearm during 
the lifting of the weight, and these again were not visualized. As far as I 
am aware, I made no judgment of the absolute weight of this stimulus. I 
then had a visual image of the second weight approaching, but this was very 
dim and hazy and without clear outlines. Just before the second weight was 
grasped I had a very clear tactual and kinaesthetic image which I referred to 
the first weight in a visual spatial manner toward the left. The second weight 
was grasped and as I started to lift it it nearly slipped from my fingers. I 
was then conscious, in terms of more intensive tactual sensations, of grasping 
this weight more strongly. When this second weight was at the top of the 
lift I was conscious of more intensive kinaesthetic sensations in the knuckles 
and muscles of the upper forearm. I then had a visual image of two weights, 
the one to the right being closer to the table than the one to the left.” 


6. Series V. 3/18/13. roo. ‘Equal.’ I visualized the general experimental 
situation in the fore-period. The first weight was lifted and I was aware 
of kinaesthetic sensations in the knuckles, wrist and forearm, and pressure 
sensations on the fingers, The first weight was replaced and consciousness 
seemed to be filled with an effort to recall the intensity of the first weight in 
visual, kinaesthetic and tactual imagery. The kinaesthetic image, particularly 
in the wrist, was present but was not clear. Then this was followed by un- 
pleasantness and great strains in the forehead. The second weight was lifted 
and I was aware of pressure sensations on the fingers and the kinaesthetic 
sensations, particularly from the wrist. While lifting the second weight there 
was an effort to recall the kinaesthetic image of the lifting of the first weight. 
When the second weight was at the top of the lift I had a very clear kinaes- 
thetic image of the lifting of the first weight, which appeared to be of exactly 
the same intensity as the sensations from the second weight. The whole sit- 
uation came in at this time in visual terms,—that is, the image of the first 
weight was referred in a visual spatial manner toward the left, while the 
sensations from the second weight were referred in a similar manner toward 
the right. I do not believe that the sensations of the second weight and the 
image of the first weight were ever present exactly simultaneously.” 


7. Series IV. 3/12/13. 88. ‘Equal.’ “This was a case of real subjective 
equality. I visualized the table and the weights in the fore-period. When the 
first weight was grasped there was a great increase in attention, which was 
followed immediately by a clearing up of my visual image, which now became 
very definite. When the first weight was grasped I was conscious of pressure 
sensations in the fingers and kinaesthetic sensations in the knuckles, and 
especially in the wrist and forearm. These bodily parts were then visualized 
for an instant. With the lifting of the weight there was a sudden rise in 
intensity and clearness of the kinaesthetic sensations. Between the lifting 
of the first and second weights there were very clear kinaesthetic images in 
the muscles of the hand and wrist, which remained rather constantly up to 
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the lifting of the second weight. When the second weight was lifted all of 
these tactual and kinaesthetic sensations were present, and as far as I can 
tell, they were of the same intensity as the images just preceding. I then 
visualized the equality in terms of two weights of the same size, color and 
the same distance from the table.” 


8. Series V. 3/18/13. 88. ‘Lighter. “In the fore-period I visualized 
the experimental situation very clearly. In this period the clearness of the 
visual image seems to be correlated with the concentration of attention. 
When I lifted the first weight I was conscious of sensations of a kinaes- 
thetic sort in the upper forearm, wrist and knuckles, and of tactual sensa- 
tions on the ends of the fingers. These pressure sensations, however, were 
non-focal. During the lowering of the first weight I visualized the process. 
When the empty hand was raised there was a very clear kinaesthetic image of 
lifting the first weight, which persisted up to the lifting of the second weight. 
When the second weight was lifted there was a definite lack of fulfilment of 
the image and the hand went up quickly and suddenly. This was followed 
very rapidly by pleasantness and surprise, which later I am’ unable to 
analyze. A visualization of the situation did not come until very much later, 
—indeed, after I had verbalized my judgment.” 


9. Series XII. 5/3/13. 88. ‘Lighter.’ “I visualized both weights and the 
table in the fore-period. With the grasping of the first weight, the tactual 
sensations on the tips of the fingers were present but for a short time only. 
With the lifting of the first weight muscular sensations were very clear in 
the upper forearm and slightly in the wrist. I was not aware of any sensa- 
tions in the fingers or knuckles. The first weight was judged to be absolutely 
heavy in terms of the intensity of the sensation. This was followed im- 
mediately by a characterization ‘heavy’ in vocal-motor terms. Nothing was 
focally present to consciousness from this point until about half way down 
the down stroke of the empty hand. Then a motor image of the first weight 
was present in the forearm and was referred to the first weight in a spatial, 
visual manner. As the second weight was grasped, I was not aware of any 
tactual sensations at all. But just before the grasping of the second weight 
I was aware that the arm was in a tetanus condition and I was then aware 
that the arm went up faster. I was not aware that the arm had been in a 
prepared state until just before the lifting occurred. The judgment was 
verbalized at once.” 


1o. Series VIII. 3/20/13. 108. ‘Heavier.” “The experimental situation 
was visualized in the fore-period, but not very clearly. As the first weight 
was lifted I was aware for an instant only of pressure sensations on the end 
of my fingers. When the weight was lifted I was aware of sensations from 
the wrist and from the forearm; and this was increased in intensity, reaching a 
maximum when the weight was at the top of the stroke. As I returned the 
first weight to the table I visualized it very clearly. During all of the time 
that the empty hand was lifted and lowered I was aware of an image of the 
kinaesthetic sensations of the first weight in the forearm, referred to the 
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first weight in a visual spatial manner. As I was about to lift the second 
weight, the image of the kinaesthesis required to lift the first -weight con- 
tinued and had resolved itself into a muscle tetanus. And when the second 
weight was lifted I was aware of a pulling down on the muscle of the forearm 
and of the wrist over and above the tetanus condition. There appeared to be a 
tendency for my arm to pull downward and it required a greater exertion to 
lift it up. This was followed by pleasant affective toning and the judgment 
in verbal motor imagery. After the judgment I visualized the second weight 
toward the right as a solid mass.” 


11. Series XVII. 6/12/13. 104. ‘Heavier.’ “Attention was very highly 
concentrated. I was not aware of tactual sensations in fingers when the first 
weight was grasped. I became aware very rapidly of kinaesthetic sen- 
sations in the wrist and in the forearm. At first the sensations in the wrist 
were more clear, while at the top of the lift the sensations in the forearm be- 
came more focal. During the lifting and lowering of the empty hand there 
were present continually a kinaesthetic image of the lifting of the first weight 
both in wrist and forearm; this became a very clear motor preparation cor- 
responding in intensity to the lifting of the first weight, just before the second 
weight was grasped. There was then a very clear tendency for the arm to 
pull down,—that is, a greater intensity of sensations in the forearm over this 
preparation. This tendency was visualized at once. Attention seemed sud- 
denly attracted to this pulling down situation and the judgment seemed to be 
right in this attending. By this I mean that the judgment seems to be com- 
plete once this situation is attended to, the vocalization coming later and 
apparently not necessary for the complete formation of the judgment.” 


12. Series XII. 5/3/13. 92. ‘Equal.’ “This is a case of good subjective 
equality. Both weights appeared to be absolutely light. In the fore-period I 
had a vague visual image of the first and second weights and the general 
experimental situation. With the lifting of the first weight I was aware of 
muscular sensations in the forearm, very unintensive. This was followed 
immediately by a visualization of the first weight to the left and high from 
the table. During the raising of the empty hand, faint kinaesthetic images 
of the first weight appeared intermittently localized in the forearm. The 
judgment was formed by the way in which the arm went up,—that is, it 
corresponded exactly to the motor preparation. At the top of the lifting 
of the second weight a kinaesthetic image of the first weight, referred to it 
in a visual spatial manner toward the left, came in and this again cor- 
responded exactly to the sensations in the forearm due to the lifting of the 
second weight. ‘Equal’ then came in vocal-motor imagery. Two weights 
were then visualized to the right and left, both high from the table but both 
the same height from the table.” 


The Comparing of Visual Extents 
13. Series I. 10/1/14. 148 ‘Shorter.’ “My first examination of the 
first line was accompanied by an awareness of eye-strain of movement from 
left to right, and also an awareness of strains of convergence which were 
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very focal. The line was judged as absolutely long, due, I believe, to the 
duration of this strain. There was then a rapid shift of attention to the 
second line in which the duration of the eye-strain seemed at one instant to 
be absolutely long; then relatively longer. This first was present merely in 
rapidly increasing focality of the strain in consciousness with a heightened 
visual percept. Then a vague visual image of the first line in its proper 
position and in which the right-hand end was clearest, came into conscious- 
ness. Then there was a flash of kinaesthetic imagery of movement across the 
first line with attention directed to the relatively light intensity of it. At 
once the attention returned to the right-hand end of the second line with a 
lingering visual image of the right-hand end of the first line, and this con- 
stituted relativity. This was followed by a visual verbal image of ‘longer,’ 
with a faint auditory image of it in my own voice. There was then a shift 
of the line of regard to the first line with a totally different behavior. I was 
no longer aware of the eye-strain of movement, but simply of the strains of 
accommodation of getting both extremities of the line fairly foscused 
simultaneously. There was then a shift of the line of regard to the second 
line with the same procedure, and suddenly heightened attention to the ex- 
tremities of the line. These extremities were clearer, and this clearness 
was identical to being nearer to each other; that it, the line was shorter. 
The heightened awareness of the extremities with greater clearness means 
that the line is absolutely short. A visual image of the first line came in in 
its proper place with each extremity of it extending so far out that the 
actual ends were not clearly visible. There was heightened attention to the 
gradual fading of clearness toward the ends. Attention then shifted back 
to the second line, and the judgment was a relative one in terms of vocal- 


motor ‘shorter.’ ” 


14. Series II. 10/10/14. 152. ‘Longer.’ “This time in the fore-period 
I set up a definite Aufgabe in vocal-motor auditory terms, filled out in a series 
of visual images and actual eye-movements. The Aufgabe was this: ‘Go 
at the thing systematically and get it so that you can introspect decently.’ 
That was the syncopated and abbreviated vocal-motor and auditory process, 
while the visual imagery was of seeing two lines appear, actually seeing them 
move into the center of the aperture from below, and there were kinaesthetic 
images of eye-movements back and forth. When the lines appeared, attention 
was focused upon the left-hand portion of the aperture with intensive strains 
in the shoulders, back, and a slight tendency to hold the breath—in other 
words an intensive and general attention kinaesthesis. Then I rather delib- 
erately fixated the first line at about its middle point, and I was aware of 
considerable amount of eye-strain, and noted in the visual perception (atten- 
tion went to the ends of the line) in which neither end of the line appeared 
very clear. Then as my glance was leaving the line there was a sort of 
flashy visual image of it, which was accompanied by a slightly heightened 
tension about the face. I was then aware of kinaesthetic sensations of 
change in the line of regard to the second line, and I again fixated the center 
of this line. I am aware of no other antecedent excepting the fixation. The 
right-hand portion of the line became the clearest part in consciousness. 
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Attention suddenly shifted focally to that end of the line, and this time I 
am certain that it came in before I was aware of any additional eye strain. 
But moving my eyes along the line back and forth after that the eye-strain 
became focal in the same way, as I approached the right-hand end of that 
line. Then followed immediately a visual schema in which I was focusing 
my line of regard upon line two with the right-hand extremity of it the 
clearest part. Superimposed upon this was a visual image of the first line 
with the focal part of that extremity which, however, fell about an eighth 
of an inch short of the second line. This last image I believe was a sort of 
verification process, the judgment having been formed before my visual image 
appeared. No verbal process was present until the very end.” 


15. Series II. 10/10/14. 156. ‘Longer.’ “This judgment was very diffi- 
cult. As the last pair of lines came into the field of vision a general strain 
and unpleasantness lingered over, due to a hard judgment just before. This 
involved frowning, slight squinting, and sensations of tenseness about the 
jaws. My line of regard shifted to a position so that I would perceive the 
first line. My line of regard shifted very rapidly from left to right over the 
first and second lines, with an awareness of the kinaesthetic sensations in- 
volved. There was then in very rapid vocal-motor auditory imagery: ‘I can 
not see any difference.’ The process involved in this was a rapid shift 
of the line of regard across the first line, with a slight hesitation at the 
right-hand end, and at this time the attention was directed to the eye-strain. 
Immediately I attempted to call up an image of the eye-strain at the end of 
the first line, but I was unable to do so. I was then aware of turning to the 
second line and of the sensation of going over it rapidly. When I got to the 
end of this line, attention went at once to the eye and the only thing that 
attention was focally directed to was that there was a lack of eye-strain. 
The line of regard was held for a considerable time at the end of the line. 
Considerable strain developed in the vocal organs with very faint snatches of 
words that I am unable to repeat, but these meant for me surprise at the 
presence of no strain in the eye. At this time there was no idea present 
as to whether either line was absolutely long or short. My line of regard 
passed over both the first and second lines rapidly several times. And as 
I did this the awareness of the right-hand end of the second line increased. 
I was unable to detect any difference in the temporal sequence between the 
awareness of increased eye-strain as I got to the end of the line and the in- 
creased perceptual awareness of the end of the line. Immediately a strain 
developed in the vocal organs to say ‘longer.’ But outside of this pure verbal 
process I was not aware as to whether the judgment was relative or not. 
Here there was a slight doubt expressed by the line of regard lingering 
on the end of the line and a slight tendency to frown. Here the behavior 
changed. There was a change of accommodation to take in the whole of 
the second line, with just a faint awareness of the intensive strain in the 
eyes. I turned rapidly to the first line, and here again I was unable to detect 
any temporal differences in the awareness of two things: First, a slight 
decrease in the intensity of the strain in the eye; and second, the line coming 
out very clearly in visual perceptual terms. At once there was a decrease in 
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the concentration of attention, and the word ‘longer’ occurred in vocal-motor 
auditory imagery.’ 


16. Series I. 10/1/14. 152. ‘Equal. “Very rapid shift of the line of 
regard over the first line, with marked awareness of eye-strain of two kinds: 
First, that of accommodation localized in the internal part of the eye; and 
second, eye-movements localized in the external muscles. At the same time 
I was aware of seeing the line clearly in all its details. It seemed to be 
darker and absolutely quite long, in terms of heightened awareness of eye- 
movement. The feature of the duration of the eye-movement stood out very 
clearly. This was followed immediately by unpleasantness and a vague vocal- 
motor image: “This seems long.’ There was a lingering of attention upon 
this eye-strain. I was aware then of kinaesthesis of change of fixation to the 
second line; then the eye moved across this line until I got to the right-hand 
end, when perhaps an eighth of an inch of the line was focused and stood 
out clearly with the rest of the line present, but in peripheral vision and in 
the fringe of consciousness. At the instant when I was aware of the right- 
hand end of line two in clear visual perception there was an immediate tend- 
ency for the strains about the head and eyes to relax. This tendency stopped 
suddenly, however, and strains came in following a gradual clearing up of 
the perception of the whole line. At this time there was an immediate 
absolute judgment: ‘Short,’ in vocal-motor imagery when the eye focused 
the middle of line two, with, however, most of that line perceived with an 
equal degree of clearness. For an instant attention seemed to linger upon 
the position of the ends of line two, and noted the nearness of the extremities 
to each other. This was the immediate antecedent of a sweep back of the 
line of regard over the second line. Then the eyes travelled over both the 
first and second lines again, with an awareness of the kinaesthetic sensations 
involved in these movements. By now the lines began to move and in this 
last shift of fixation there was a real comparison of the lines, which came 
about in this way: I was aware of strains of accommodation so that I could 
take in the first line as a whole. Attention was very clearly on this eye-strain. 
At once I turned to the second line with the same process, and again with 
attention on the eye-strain. As I was looking at the second line, attention 
shifted for an instant to a kinaesthetic image of the eye-strain involved in 
the first line, with a vague visual image of the first line in its proper position. 
This sudden shift of attention was immediately followed by an increase in 
the general bodily strain, then a tendency to say in vocal-motor fashion: 
‘Can not see any difference.’ But the strains and the unpleasantness were 
focal. Just as the lines were disappearing I returned to both the first and 
then the second line and had a visual comparison. I looked at the first line 
with a visual image of the second in consciousness in its proper place. This 
was immediately followed by a sudden flash of seeing both the two lines in 
their proper places, but neither was clear. Immediately the judgment ‘equal’ 
came in vocal-motor and visual verbal imagery.” 


17. Series I. 10/1/14. 150. ‘Equal.’ “The main feature was the fact 
that simply heightened attention upon a strain or a sudden holding up at the 
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end of a line suffices for a judgment. I mean by that that no verbal process 
need follow. But it is the mere kinaesthetic tendency to relax. At first I was 
aware of the kinaesthesis involved in a rapid shift of fixation over the first 
line with no tendency to stop. The awareness of a similar movement over the 
second line was then present. When I came to the end of the second line, 
there was a heightened awareness of eye-strain of the perception of this por- 
tion of the line, and an immediate tendency to relax, with pleasantness, I 
was then aware in kinaesthetic terms of a rapid shift back over the first line 
and the portion of this line at the left-hand end seemed to come in suddenly, 
and there was marked attention to the eye-strain at this point, in which slight 
absolute intensity was noted. The sudden manner of this behavior seemed 
very pleasant. This was followed by a visual image of the first line as a 
whole with the left end clearer than the right, and both extremities were near 
together ; this meant an absolute judgment of ‘short.’ Tendency to relax but 
this was checked suddenly and turned to a much greater strain in the face, 
tightening of the jaws, and general tendency to straighten up. The ante- 
cedent of this was .a faint visual image of the second line in which only the 
right end was clear. Accompanying this was a fairt kinaesthetic image of 
the eye-strain referred to this portion of the line. This meant that I had 
already made the judgment ‘longer. Now I apparently accepted the second 
as the standard line and the first as a comparison. I took it that my judg- 
ments conflicted. There were immediately several rapid shifts of fixation 
over the first and second lines, in which the attention shifted now to the 
strain of the approaching end of the line, now to the visual awareness of the 
position of the extremities of the line. The final judgment was a negative 
one in vocal-motor terms: ‘I can not see any difference.’” 


18 Series III. 10/22/14. 154. ‘Equal.’ “When the lines became station- 
ary I was aware in terms of kinaesthetic sensation, of the same rapid glance 
from the left to the right. When I got to the end of the first line this time 
there was no actual stop in the line of regard, but as I got to the end of the 
line, attention suddenly broadened out so that I perceived the line as a 
whole. In this there was actual kinaesthetic strain of the eye-muscles. A 
visual image of line one then appeared as a whole, with also a kinaesthetic 
image of the strain which I had had just before in regarding it. This strain 
was actually so intensive and slightly unpleasant that I am almost tempted to 
say that it was actual innervation, although directed toward a visual image. 
My line of regard then passed rapidly to line two in which the same pro- 
cedure occurred. When I got to the end of the line there was a sudden slight 
shock of surprise expressed in terms of a rapid contraction of muscles about 
the face, and inhibition of the particular phase of breathing, and a tendency 
to sit a little more rigidly in my chair. All this meant to me: ‘Why doesn’t 
something happen ?’, although it was not filled out in these vocal-motor terms. 
It was interpreted immediately afterwards as a surprised state. Line two 
seemed neither longer nor shorter,—just a negative affair. Then there was 
an immediate activity consciousness of attending to both lines more nearly 
at the same time, and leaning forward in my chair. More intensive strains, 
not only about the eyes but of frowning, squinting and the like, in which the 
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eye-movements went rapidly back and forth from one line to the other. 
These movements gradually became shorter in the angle through which the 
eyes were moving, and finally my line of regard became stationary at a point 
midway between these two lines. Visual attention during all this time was 
directed particularly to the outer ends of both lines. I attended, however, 
not only to the visual perceptions but to the eye-strains of accommodation 
and also to the strains of eye-movement localized in the external muscles. 
Then the judgment ‘equal’ developed, first simply in a heightened awareness 
in visual perceptual terms of the extremities of the line, neither one of which 
went out any farther from the center of the focal point of my perception than 
the other. This was present in this manner: As I attended to the outer 
region of the line, attention took in the space for a certain distance beyond 
the line. As it did so attention shifted to the other side. There was at the 
final stage of this experience a slight visual image of the first line super- 
imposed over the second line and extending out the same distance. Then 
attention went focally to the end of the line, to which my line of regard was 
directed more nearly, and the lines seemed to be clearer and the black more 
intensive. Immediately there were strains in the vocal-motor organs with 
vocal-motor auditory ‘no difference,’ and this was followed by the vocal-motor 
‘equal.’ There was pleasant affective toning while the verbal judgment was 
being made, and relaxation about my trunk and shoulders, Also, at the very 
last, just before I stopped, when the word ‘equal’ was present in auditory and 
syncopated vocal-motor imagery, I had along with this a very peculiar thing. 
It was a visual percept while the line of regard was still directed toward the 
right-hand extremity of line two. Above there was a visual image to the left 
and upward, very intensive and non-focal, which had a light mass at the 
further end, and was a little darker in the center. This meant a faint aware- 
ness of the other line. As far as I am able to say, that visual image came in 
while my line of regard was fixated on line two, and I can not see that it had 
any particular significance in the formation of my judgment.” 


19. Series IV. 11/5/14. 150. ‘Shorter.’ “In the fore-period there was 
a great deal of frowning and squinting of the eyes in an effort to get a good 
focus on the lines so I could see them clearly. There was continuous strain 


all the time the drum was revolving until the second pair came into the > 


aperture. As the two lines were appearing my line of regard tended to 
be fixated at a point about midway between the two lines and about an inch 
above the place where the lines would fall when the drum was stopped. As 
the drum stopped I was aware of two things. I was first aware of a very 
sudden relaxation of the strains of frowning and squinting which had lasted 
up to this point. The relaxation was not complete, however, but the strains 
became relatively non-focal. There was also a strain in the interior of the 
eye which seemed to be steady, constant and fixed, and this persisted. The 
awareness of this latter strain was followed by a vague visual perceptual 
awareness of the portion of the card where my line of regard had fallen, 
and of the left-hand line lying below and somewhat to the left. I did not see 
this line as a whole; I saw only the right-hand portion of it. I instantly left 
this portion of the card, however, immediately following a vocal-motor image: 
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‘Oh, I know what that line is.’ This latter was very rapid and very fleeting. 
I think the important feature through all this experience was the rapidity 
with which my line of regard turned away from the first line and went 
rapidly to the second line. I saw the second line at once as a whole. That 
is, fixation was not upon any particular portion which came out focally. My 
fixation was in the center of the line, but the center was no more clear than 
the ends of the visual perception. This visual perception never became 
focal and was very fleeting and rapid. I was immediately aware of a let-up 
in the strain in the interior of the eye; this let-up of the strain was very 
clear and seemed to be localized internally in the eye, and seemed to be 
circular,—that is, a pull or release in a number of directions simultaneously. 
As I have said, however, I never saw the second line clearly. The verbal 
statement immediately followed the awareness of muscular release and was 
present with a great deal of subjective certainty, due partly, I should say, to 
the clearness of the strain and the clearness and vividness of the actual verbal 
statement as I gave it. This was followed by an immediate relaxation of 


attention.” 


20. Series IV. 12/3/14. 146. ‘Shorter.’ “As in former experiences, my 
line of regard first fell upon the second line when the drum had come to 
a stop. I was aware of an immediate let-up of strain in the interior of the 
eye. That was the first thing of which I was aware. Immediately following 
this, and indeed, perhaps overlapping the first experience somewhat, was the 
clearing-up of the perception of the line visually, in which the focal thing 
about the line was the spatial position of the two ends with about an eighth 
of an inch of space at either end, which I saw clearly in that perception. 
As far as I could tell, the two ends were seen simultaneously with equal 
clearness, my fixation being on a spot in the center of the line. I was not 
aware of a single eye-movement in this experience until the judgment was 
made, and I corroborated it. Then there was the same kind of corroboration 
as before,—namely, a turning of the line of regard to line one, with an aware- 
ness of strains in the interior of the eye, then a rapid change of fixation to 
the second line, and an awareness of the let-up in these strains.” 


21. Series VII. 12/5/14. 156. ‘Longer. “There was a fixation of line 
two directly, with an awareness of strain in the internal part of the eye. 
Immediately on my fixation of the second line I was aware of an increase 
in the intensity of this strain. Partly overlapping this increase the visual 
perception of the line cleared up and I noted the spaces at either end. With- 
out a vestige of consciousness of eye-movement or without a bit of change 
in the point of fixation on the card, I saw the first line in the periphery of 
the field of vision. This was apparently the immediate antecedent of a shift 
of the line of regard to line one and a judgment of this line in the reversed 
order. That is, it seemed shorter than line two. The judgment was verbalized 


immediately.” 


22. Series IV. 10/29/14. 156. ‘Longer.’ “In the fore-period I was 
barely aware of any visual imagery of the lines appearing. Just as the lines 
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were about to appear, suddenly the perception of the moving drum became 
focal and this was immediately followed by an awareness of kinaesthesis of 
straightening the shoulders, tension about eyes and face, and in vocal-motor 
auditory imagery: ‘Get prepared.’ This was apparently the antecedent for 
my turning my line of regard toward the right of the aperture. As I was 
aware of turning my eyes and fixating the right of the aperture, I was also 
faintly aware of an internal eye-strain developing. As the line became 
stationary I was aware of two things: My line of regard was fixated about 
the middle of the second line. There was next in consciousness an awareness 
of a sudden increase of intensity and also clearness of the internal strain 
in the eye. The next thing which occurred was a sudden visual fixation in 
perceptual terms of the line which extended way out. This was followed 
immediately by a dropping of attention, which occurred, indeed, before my 
vocalization of the word ‘longer.’” 


23. Series VI. 12/3/14. 152. ‘Equal.’ “When the stimuli became 
stationary my line of regard was immediately focused upon line two. I 
hate to describe the thing in negative terms, but at the outset that is what 
seemed to be present. Just simply a blank in consciousness so far as things 
which generally occur are concerned. Those matters that occupied conscious- 
ness were strains of fixation and apparently an immediate awareness that 
nothing had happened. This seemed to be expressed in terms of unpleasant- 
ness, the visual perception clearing up with no awareness of either ends of 
the line or the line standing out. There was in visual perception simply a 
black line with no part more focal than any other. Then a sort of visual 
schema came into consciousness. There was a flash of a visual image of 
my eyes as if I were looking into my own eyes from the front. That seemed 
to indicate or mean that there had been no change in the eye-strain with which 
I had approached the second line. Then quick as a flash my line of regard 
turned to line one, which I was aware of in terms of kinaesthetic sensations 
localized particularly in the external eye muscles. At this time the judgment 
‘equal’ started to be formed in this manner: vocal-motor ‘no difference.’ My 
line of regard shifted back to line one and there was no difference in the 
eye-strain. This was followed by very rapid shifting of eye-movement from 
one line to the other and back again, in which attention to the internal eye- 
strain dropped out entirely and the visual perceptual features largely pre- 
dominated. In these two or three alternations of my line of regard every 
time it rested on one line I noticed no tendency for my line of regard to linger 
on the right-hand extremity of the line as it usually does. Then there came 
in, in vocal-motor auditory imagery: ‘Can not see any difference.’ Then to 
interpret the thing, a judgment of absolute equality came in. It consisted in 
this: Fixation of line of regard in the center of line one, with accommoda- 
tion so that I can just see both ends with approximately equal clearness. A 
shift of fixation to the center of line two with the accommodation held, and I 
perceived both ends again with approximately equal clearness. This seemed 
to be the content of the final absolute equality judgment which found ex- 
pression in vocal-motor auditory imagery: “Those are equal.’ The absolute 
equality was a very gradual growth which grew out of the negative judgment. 
that the lines were not different.” 
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The Comparing of Auditory Intensities 


24. Series II. 1/28/15. 50. ‘Softer.’ “In the fore-period attention was 
exceedingly focally directed to the region of the apparatus, first in terms 
of a faint visualization of the apparatus, and of you sitting before it, and of 
flashy visual images of the pendulum suspended in mid-air. This visual 
imagery soon gave way to focal consciousness of strain about the face, the 
eyes and the jaws, and of a visual and tactual awareness of the region of 
my ears. The muscles in the shoulders, arms, trunk and legs were all very 
tense. As the stimulus was given, there was an auditory perception of the 
noise for a very brief instant, which was very clear and focal. This rapidly 
gave way to a consciousness of a jerk of pretty nearly my whole body, but 
particularly in the neck, and a jerky strain in the muscles of the throat. This 
sudden contraction was also accompanied by tensions in the chest of holding 
the breath. In the interim between the first and second stimuli I was vaguely 
aware of the region of the apparatus in terms of visual imagery. The features 
which were focally present to consciousness at this time were vague linger- 
ings of the strains which I described a moment ago. The strain in the throat, 
however, remained rather intensive. The second stimulus was given and I 
hardly noted the auditory qualities of it at all. I found immediately upon a 
rather non-focal perception of the sound itself, a muscular contraction very 
much the same as I have described before. In the first place, this was ab- 
solutely of not very great intensity. This second muscular reaction had barely 
begun when I tended to visualize the muscles of my arms and face in move- 
ment. I simply seemed to see them contract. This visual image was localized 
in front of me and was a visual schema. With this schema there was present 
in consciousness also faint auditory imagery, and a slight tendency to contract 
again as I had to the first stimulus. This was referred to the first stimulus by 
spatial visual localization toward the left. This schema immediately developed 
from an awareness of the second contraction, and my awareness of a low 
degree of absolute intensity consisted in merely a focal attending to the 
kinaesthetic factor of contraction. There was then a slight intake of breath 
and a slight opening of the mouth which seemed to constitute a state of sur- 
prise and a focal attending to the relaxation of this contracted state as well. 
The comparison judgment was made in terms of this visual schema.” 


25. Series II. 2/4/15. 45. Softer.’ ‘In the fore-period I found myself 
getting prepared for the stimulus not only by way of attending to the appara- 
tus direction, but getting my body in a state of preparedness. Attention went 
partly in visual terms to the region of the apparatus and to the experimenter, 
and I faintly visualized the apparatus, but the main thing was the direction 
of my line of regard toward that region. Along with this there was also 
kinaesthetic and visual attention to my ear region. Slight strains about the 
face, forehead and twisting of the head to one side, with the left ear toward 
the apparatus, although my line of regard still seemed to be directed toward it. 
The first sound was given and the auditory perception of it was never at any 
time very focal. Immediately, so quickly that attention seemed to shift sud- 
denly from the sound of it, was the muscular reaction which constituted a 
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squinting of the eyes, slight jerk in the back of the neck, shoulders and lower 
trunk. Then immediately afterwards a faint auditory image of this first 
stimulus, which did not have very much significance. I was aware of keeping 
up a rather intense strained condition and these strains were localized par- 
ticularly about the eyes, the side of the face, toward the left ear, throat and 
shoulders. When the second stimulus came there was hardly any focal atten- 
tion to the auditory perception itself. Immediately relaxation of musculature, 
particularly the eyes, throat, back and abdomen. Immediately upon this re- 
laxation there was a welling up of pleasant affective toning and a visual 
schematization of this one tone which was visualized as a thin, light-grayish 
air current localized toward the right. Immediately the auditory vocal-motor 
image ‘softer’ came in, and attention turned from the experiment and I 
began to introspect.” 


26. Series IV. 3/11/15. 45. ‘Softer.’ “In the fore-period there was a 
strained condition of the muscles about the throat, brows and chest, which 
gradually increased to a marked degree of intensity. This was concomitant 
with a quite clear visual schematic image of the experimental situation in 
which the apparatus and the experimenter were clearly imaged. Upon the 
first stimulation the auditory quality never stood out very clearly, although it 
gradually increased in clearness and intensity. This auditory perception was 
accompanied by a rather marked motor reaction which included slight tend- 
encies for the eyes to shut tightly for an instant, for the musculature in the 
throat to contract and an inhibition of breathing. Along with this was a con- 
tinuation of the strains of the forehead and I immediately found myself 
focally attending to the auditory stimulus and hanging on to it. This turned 
to an auditory image which continued practically to the perception of the 
second stimulus. The principal feature was that I tended immediately to 
visualize the first stimulus. I saw it stretched out in a sort of visual schema 
like the tail of a comet, but instead of growing larger it grew smaller from 
the place where it started. The auditory perception of the second stimulus 
rose to its maximum degree of clearness and intensity much more rapidly 
than had the first. Nevertheless it did not last so long. There was not so 
much tone in it; it was more of a noise relatively, than the first stimulus, but 
these features I did not notice as being relative at the time. Attention did 
not go to them. All I was aware of was a sudden finding of myself focally 
attending to those qualities I have just given, with muscular relaxation in the 
throat, eyes and chest. But this muscular relaxation was less focal in con- 
sciousness than a visual schema which again came in. This was again an 
image of the comet which I have described a moment ago, localized to the 
right, and very much shorter than the other had been. There was eye-move- 
ment along this schema which came in concomitantly with the general mus- 
cular relaxation. When the eyes had reached the further end of my image 
there was vocal-motor auditory imagery of the word ‘softer.’ It seemed to 
me that the focal and important thing in the whole experience was this visual 
schematization.” pane 
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27. Series I. 1/21/15. 45. ‘Equal.’ “This time there was a perception 
of the first noise and the same sort of kinaesthetic reaction to it, but this 
was of less intensity. This motor reaction in chest, back, neck and throat 
turned into a motor set which was maintained until the perception of the 
second stimulus. The first thing which occurred on the perception of the 
second stimulus was a slight jerk in the parts already mentioned, and the 
judgment came out in these terms. As the jerk was occurring, the mus- 
culature of the face, shoulders, and throat was very focal and very keenly 
attended to. I was not only aware of the kinaesthetic element as such, but 
also of this kinaesthetic element visualized in front of me. Again as before, 
as this musculature was in the process of contracting I tended to follow my 
eye along a straight line away from me. After attending to this schema, 
attention dropped to a very much lower level. There was not the slightest 
tendency to vocalize my judgment until I had a visual image of you. Then 
the word ‘equal’ came. This muscular reaction brought to the focus in this 
visual schema was of the same intensity from beginning to end, and I attended 
to no one portion of it any more than to any other. There was no tendency to 
attend to the end of the schema. In other words, this was my visualization 
of the fact that I had perceived in kinaesthetic terms that there was no rise 
or fall in the intensity of the contraction following the perception of the 
second sound.” 


28. Series II. 1/28/15. 60. ‘Equal.’ “The perception of the first stim- 
ulus was followed by very much the same muscular contraction that I have 
just given previously. There was a continuation of this contraction and 4 
sort of motor set up to the perception of the second stimulus. The only way 
in which I can describe this experience is in negative terms. There seemed 
to be no tendency to relax; neither did the muscular reaction become more 
vigorous. No change in either direction. Attention went immedately after 
the perception of the second stimulus to the region of the apparatus; I vis- 
ualized it. This was followed by a revival of the two noises in auditory 
imagery and in vocal-motor imagery of singing them; and again no difference 
became apparent. Then there was a flashy visual image of you, followed 
by total relaxation. The vocal-motor image of the word ‘equal’ came in im- 
mediately following the vocal-motor and auditory repetitions of the two 
stimuli. For an instant I thought that the stimuli were absolutely equal. 
This did not come until I had that auditory vocal-motor imagery. All I can 
get was the word ‘equal’ in vocal-motor auditory terms, which came in with 
a very slight feeling of familiarity which seemed to consist in faint pleasant- 
ness and very faint organic sensations of a contracting nature in the region 
of the diaphragm, and with very focal standing out in auditory form of the 
qualities of my own voice.” 


29. Series II. 2/4/15. 65. ‘Louder. “This time there was nothing of 
importance in the fore-period beyond the strains with a highly attentive state. 
Perception of the first stimulus was followed again by the same muscular re- 
aciioa which I have described before, particularly in the throat, neck and 
shoulders. A continuation of this muscular strain until the second stimulus 
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was given. The auditory perception of the second tone stood out. It seemed 
to be more voluminous and more penetrating. At the same time attention 
went to a consciousness of an additional motor contraction localized as before. 
Tendency also to twitch the left side of my face and a bit more of an in- 
tensive jerk in the throat. Immediately there was a turn of attention from 
the problem, accompanied by ‘louder’ in vocal-motor auditory imagery.” 


OsseERvVER Fs. 


The Comparing of Lifted Weight Stimuli 


30. Series I. 2/25/13. 100. ‘Heavier. “The muscular image connected 
with the lifting of the first weight remained over up to the lifting of the 
second weight. This was localized in the muscles in the back of the hand, 
arm, and there was also accompanying it, visual imagery of the lifting of 
both of these. The second stimulus was visualized as about a third larger 
than the first, and darker as well. The image of the first lifting, which re- 
mained to the lifting of the second weight, showed a marked tendency to tail 
off and was renewed several times by actual motor innervation. That is, I 
moved my hand several times between the setting down of the first stimulus 
-and the lifting of the second. This, however, was not very focal in con- 
sciousness.” 


31. Series I. 2/25/13. 88. ‘Lighter. “The judgment was essentially a 
memory awareness of the energy used in the lifting of the two weights. 
These two memory images were not simultaneous in consciousness, but follow 
one after the other. They were then translated into visual imagery in which 
the first stimulus was visualized as a small and solid weight, the second as 
larger but not so solid. The muscular memories of the lifting of the first 
weight persisted and were reinforced from time to time by slight actual motor 
innervations. Then with the lifting of the second weight it went up higher 
and faster than my image of the first, and the judgment followed at once.” 


32. Series III. 3/10/13. 104. ‘Heavier.’ “There was no visual imagery 
connected with this experience. I am unable to recall any memory of the 
weight from the lifting of the first weight to the lifting of the second weight. 
But the memory of the effort due to the lifting of the first weight was focal 
up to the moment when the second weight was grasped. Then sensations 
connected with the lifting of the second weight became focal and the judg- 
ment followed immediately. The muscular effort was localized in the back 
of the hand, back of the wrist, and the forearm.” 


33. Series X. 5/5/13. 84. ‘Lighter.’ “The first weight was lifted and 
I was aware of its being absolutely heavy. This was in terms of very in- 
tensive muscular sensations in the back of the hand and arm and wrist. 
This was followed by a vocal-motor ‘Hm, easy.’ Visual imaginal reference 
to the second weight. This meant that this was going to be an easy judgment 
as the second weight could not be heavier than this weight which I had just 
lifted. A primary image of the kinaesthesis involved in the lifting of the 
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first weight localized in the hand, wrist and arm, persisted up to the next, but 
was not so clear as usual. The second weight was lifted in the presence of 
this image, and I believe I was aware of an actual difference in the rate with 
which the hand went up. The hand not only went up faster with this second 
stimulus, but there was also awareness of very slight intensity of kinaesthesis 
needed to lift the weight. The judgment ‘lighter’ came without being pre- 
imaged and there was pleasantness at the end of this experience.” 


34. Series XIII. 6/21/13. 88. ‘Lighter.’ “After the lifting of the first 
weight, I had a good primary kinaesthetic image localized in the back of the 
forearm, hand, and especially the wrist; this persisted up to the second weight. 
This seemed to be particularly of a tendinous sort. The second weight was 
lifted, and at first I was aware of very little difference. But the sensations 
connected with the second weight seemed to be a little less intensive, or, in 
stimulus terms, the weight came up easy. This seems to be a direct awareness 
of difference from a particular muscular set that hangs over. I seemed to be 
set for a certain amount of effort. Not directly aware of the muscular set 
but still in a way I am, as this memory image perisists. If there is a great 
difference I merely give a verbal expression of it. Apparently I am not 
aware of the hand-movements of the empty hand between the replacing of 
the first weight and lifting the second. But the image connected with the 
lifting of the first weight remains dominant throughout this period. I do not 
remember any visual accompaniment in this experience; if present it was 
exceedingly non-focal and I am hardly aware of the verbal judgments, and 
there is no verbal pre-imaging of the judgment. The differentiation seems to 
be entirely in the way in which the second weight came up.” 


35. Series X. 5/5/13. 100. ‘Equal.’ “This was a case of good sub- 
jective equality. The liftings were approached with very keen attention. 
The first weight was lifted and I was aware of the sensations involved, par- 
ticularly in the wrist, back of the hand, and arm, and a good primary mus- 
cular image localized in these parts persisted in practically its initial intensity 
up to the lifting of the second weight. This muscular strain seemed to be 
duplicated in the lifting of the second weight. In this process there seemed 
to be nothing more than the sensations connected with the lifting of the 
second weight coming upon the image of the kinaesthesis involved in the 
lifting of the first weight. There was immediate release in the tensions of 
a general bodily sort, and expiration. Then later the word equal’ occurred in 
vocal-motor terms. The down-stroke of replacing the second weight did not 
function as the judgment was completed before the weight was poised at the 
highest point in the lift. There was pleasantness, and the judgment was 
vocalized with great readiness and finality.” 


36. Series XI. 6/19/13. 96. ‘Equal’ “This time the visual accom- 
paniment of the lifting was present, but not focal. First weight was lifted 
and the sensations, particularly in the wrist, forearm and hand were per- 
ceived; good primary memory image of these remained over to the lifting 
of the second weight. I was aware of no definite difference. There was 
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again a lingering of attention upon the second weight, or of a primary image 
of a kinaesthetic sort connected with the lifting of this weight, and the visual 
imagery of the lifting of the two weights in immediate succession became very 
focal. In other words, the non-focal visual imagery became fairly focal and 
I reviewed the lifting of the two weights in visual imaginal terms. I was 
unable to distinguish any difference in the rate with which they were lifted. 
This functioned as an unwillingness to say ‘equal.’ ” 


The Comparing of Visual Extents 


37. Series I. 9/20/14. 146. ‘Shorter. “Attention at first went to the 
left-hand line, the eye moved along in the same fashion as before,—that is, 
more rapidly in the middle than at the ends. Then there was eye-movement 
in a single sweep from the left-hand to the right-hand line, and the process 
of moving across the right-hand line was the same. When the line of regard 
arrived at the right-hand end of the right-hand line, I suddenly found myself 
fixating a point an eighth of an inch to the right of this line. There was the 
slightest sort of a kinaesthetic start which involved instant stopping of the 
breath at the inhalation phase, and highly concentrated visual awareness of 
the distance of the fixation-point from the end of the line. Immediately ‘less’ 
followed in vocalization, and marked bodily relaxation followed.” 


38. Series I. 9/20/14. 156. ‘Greater.’ “The eyes moved from left to 
right over the left-hand line, then in a single sweep to the left-hand end of 
the right-hand line and across this line toward the right. The fixation paused 
at the very end of the right-hand line and was focused narrowly upon about 
one-sixteenth of an inch of the right-hand end of this line. With this focus- 
ing, which lasted some time, a gradual increasing kinaesthetic tension was 
involved in the squinting of the eyes and an increasing pressure of the tongue 
in the roof of the mouth. No affective toning. Then a re-exploration of the 
left and right-hand lines, which consisted in a mere rapid passing of the center 
of each line, with more time spent upon the ends. That whole sweep con- 
stituted an experience of smallness,—that is, the experience itself was brief. 
It was smallness in absolute terms. I was then aware in indirect vision of 
two-thirds of the right-hand line and then the judgment was spoken. As I 
gave the judgment there was very definite relaxation of bodily tensions.” 


39. Series I. 9/29/14. 148. ‘Equal.’ “This time I was aware of slightly 
greater than usual concentration in the fore-period, which involved a narrow- 
ing of the attention and gradual tightening of the shoulders. I was aware 
of nothing but a slightly and slowly increasing tension in the rectus muscles 
and squinting muscles. Unpleasantness increasing gradually until stimuli 
appeared. Aware of rapid strains of eye-movement over the left-hand and 
then the right-hand line. There was no tendency to stop anywhere upon the 
right-hand line, and the period at the close of the sweep was marked by a 
heightening of the former tensions and a distinct awareness of the region of 
the heart. There was also the vaguest awareness of a respiratory suspension, 
stopping where the breathing happened to be at the moment. Great unpleas- 
antness. Afterwards my line of regard swept from right to left, over the 
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line several times. Still no end region held attention and there was a slight 
slump of attention and a state of indifference which lasted until the exposure 
started to move away. This was essentially a state of relaxation. As the 
stimuli started to move away, the attention kinaesthesis gathered once more 
and I watched the drum as it started to move. Both lines were perceived and 
still there was no holding of the attention at any part of either line and I 
said ‘equal.’” 


40. Series II. 10/22/14. 144. ‘Shorter.’ “I attended to the left-hand 
line with fixation about the center, then to the right with fixation about the 
center. Visual attention on the right line as somewhat smaller than the left 
line. The left-hand line was also present in indirect vision at the same time, 
or in immediate succession. Back to the right line and this stood out in sheer 
visual fashion as longer than the left line, to which I attended either at the 
same time or immediately afterward. Then back to the right line, and the 
judgment followed.” 


41. Series II. 10/22/14. 154. ‘Equal.’ “Awareness of the lines as 
wholes throughout, and in no case was I aware of eye-movement along any 
line. There was a series of eye-movements back and forth between the right 
and left-hand lines in every case. Then continued for the whole length of 
the constant exposure and the lines invariably stood out as equal. There was 
slight respiratory tension which involved somewhat more labored breathing, 
but no inhibition. Tension about the mouth, and just as the drum started to 
move I said ‘equal.’ I should interpret that increasing strain and constant 
shift simply as an effort to make sure that there was no difference. 


42. Series V. 11/12/14. 146. ‘Shorter.’ “Very rapid eye-movement in a 
slightly triangular form, the bottom angle of the triangle being some point 
below, and the ‘perchings’ being somewhat toward the middle, with con- 
comitant or very rapidly succeeding visual awareness of the lines. Slightly 
persistent visual awareness of the last line, which was accompanied by vocal- 
motor set which tended to take the form from the first moment I can re- 
member of the first sound in my judgment. Just before the word was uttered 
during the last of this heightened awareness of the right-hand line, there was 
relaxation of contractions that I did not know had existed before about the 
chest. This relaxation was pleasant. Then the word was uttered.” 


43. Series VI. 11/19/14. 156. ‘Longer.’ “I was fixating in the fore- 
period a point below the opening. My eye struck up as soon as I perceived 
in indirect vision the stimuli had come to a stand-still, attention having been 
on the aperture all the time. The line of regard swept up to the left-hand 
line, landing on a point slightly nearer the central part of the whole per- 
ception; then swept to right-hand line and landed on a corresponding point. 
Back for a brief flutter to the left-hand line, and then very brief fixation of 
the space below. That flutter with which the kinaesthesis of fixating the left 
line for the second time was marked, seemed to be such as would be pro- 
duced by a tendency to return to the lower point. There was momentary in- 
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hibition of that tendency by return of it to the line, and then finally move- 
ment below. During this kinaesthesis the perceptions of the two lines flashed 
out as wholes very rapidly in visual fashion. I was aware of them primarily 
as the lengths, black lengths to be sure, but the blackness was not prominent 
so far as I can say. Then setting of the vocal-motor apparatus for the judg- 
ment subsequently given. The first pronunciation of the judgment occurred 
as I was looking at the right-hand line for the first time. It remained in 
about that form during the flutter and the word was uttered shortly after my 
glance fell. 


44. Series VII. 12/10/14. 154. ‘Longer.’ “That was the nearest to being 
something of an element of accommodation in it that I have ever had. The 
eye-movements followed their usual course. There was the usual little click 
of convergence on the left line, and I am very certain about it. In this next 
I am not so certain. But for the briefest instant there was the vaguest sort 
of a kinaesthesis localized exclusively in my right eye. It was a little widen- 
ing of the eyelids; that was in it, any way. Not certain of anything else 
enough to give it. The visual percepts of the two lines were the prominent 
things. There was immediate setting of the mouth for the ‘gr’ part of the 
word ‘greater,’ and with the slightest delay, the word was pronounced. That 
little additional thing, which seemed most likely to be a widening of the lower 
right region of the right eye came the instant before the visual standing-out 
of the right line, but of the order here I am not very certain. That did not 
stand out as being intimately connected in any way with the judgment pro- 
cess, but is no indication that it might not have been at all. But the per- 
ceptions of the two lines were the most prominent thing of the judgment for 
me. This kinaesthesis had no such obvious connection as that did, but it 
may have been important. 


The Comparing of Auditory Intensities 


45. Series I. 1/21/15. 60. ‘Louder.’ “There was nothing especially of 
note in the fore-period except closely concentrated attention. The perception 
of the first sound consisted at first in something that was more thud than 
tone. The tone-part seemed to persist and become relatively much more 
prominent in the perception. There was a slight vocal-motor tendency at first 
for an instant, to hum the lower note. But that was just the least shift in 
adjustment in the vocal-motor apparatus as if for a low tone, and the main 
tone itself stood out immediately afterwards, in auditory imagery. This 
auditory image was prominent in the interval between the tones, but tended 
very rapidly to tail off. The perception of the second tone may be described 
in exactly the same way as the first, with the exception that the actual tone 
quality of the note itself in the later stages of the perception attracted atten- 
tion almost exclusively. I was practically unaware of the low tone. Im- 
mediately afterwards there was a tension in the throat, in the vocal-motor 
apparatus. Then there was an auditory and vocal-motor image of that second 
tone, and along with that there was some respiratory tension as if I were 
singing that tone with an effort. By this time I became aware,—I think it 
had been present before,—but attention for the first time went to a kind of 
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visual spatial schema in which the last tone was prominent. This was vis- 
ualized slightly to the right as a gray splotch, on which attention was mainly 
directed. At the time the schema came up, attention was strongly on the 
right-hand splotch. There was then a moment of hesitation in which I was 
vaguely aware of an increasing tension in the face and throat. I should 
interpret this as an effort to recall in auditory fashion the first sound. But 
at any rate, no image of the first sound appeared. Then attention shifted to 
the right splotch, then suddenly to my throat, and there was a reinstatement 
of the experience I had had of humming the tonal part of the second stimulus. 
Tendency in the mouth and tongue to take the form of saying ‘equal’ almost as 
if I were humming ‘e’ to that tone. The processes joined on to one another 
in that fashion somewhat. There was a moment of response of that ex- 
perience. Then the note itself became more prominent than the ‘e’, and I 
had auditory, vocal-motor image of the word ‘heavier.’ I immediately said 
‘heavier’ and remarked that I was uncertain.” 


46. Series I. 1/21/15. 45. ‘Softer.’ “The perception of the first note 
was marked by the initial experience of thud and rather jangling vibrating 
quality of tone. Awareness of that jangling quality was accompanied by the 
slight tensions in the side of my face, and a slight squinting of the eyes; also 
a slight adjustment of the vocal-motor apparatus for humming the main tone. 
That adjustment appeared a little later after the jangle died away. In the 
interval between the two tones there was at first a persisting auditory image 
of the tone of the first stimulus, and also attention to the adjustment of my 
vocal-motor apparatus. Toward the close of the interval, attention went 
focally to the kinaesthesis about my eyes and I actually squinted them a little. 
That was a cringe in anticipation of the next stimulus. There was for an 
instant the vaguest sort of an image of you, but with your arm held up. 
But through it all this adjustment of my vocal-motor apparatus I am quite 
sure was actually present, although as I have said, attention turned away from 
it. When the next stimulus was sounded, there was again an initial jangle 
in auditory perceptual terms, and a slight cringe consisted in an increased 
tension about the eyes. Out of this experience persisted the main tone which 
for an instant occupied focal attention. Strains in eyes rapidly disappeared, 
but this occupied attention for only an instant, and immediately I started to 
hum the main tone of that note in vocal-motor fashion, with the presence of 
slight auditory imagery of myself humming it. 1 believe that there was 
actual adjustment of the apparatus in the vocal-motor experience rather than 
imagery. In making the adjustment for the second tone, the experience was 
similar to singing one a little bit higher than the one for which my vocal- 
motor apparatus was adjusted. In other words, a slight change as if raising 
the pitch of the note I was humming, occurred. I believe that there was 
actual innervation of vocal-motor organs, but that this was filled out to a 
certain extent by kinaesthetic imagery.” 


47. Series I. 1/21/14. 35. ‘Softer.’ “That time there was a distinct 
ringing or vibrating in my ear with the first stimulus. It was not present in 
the second, and that was the basis for the judgment. The fore-period was 
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characterized by very much closer attention. That consisted in the fact 
that the only thing present was a vague visual image of you with your arm 
poised as if to drop some weight. There was also a slight kinaesthetic 
awareness of the region of my ears, with a visual imaginal awareness of these 
also. At the same time there was a general bodily tension in the upper part 
of the head, shoulders, throat, arms and chest, but these were not nearly so 
focal as the visual factors just mentioned. The first sound was perceived as 
a rather harsh jangle. There was actually a very slight vibrating in my ears, 
notably in the left ear, in which the auditory aspect was very hard to dis- 
tinguish from what seems most describable as a kinaesthetic aspect. There 
was also increase in tension in the upper part of the body simultaneously with 
the auditory perception of the first sound. I can remember nothing between 
the sounds except a rather rapid tailing off of the image of the first. I do 
not know whether it had quite disappeared when the second sound 
came. In the second sound, the perception may be described as a much more 
purely auditory perception. I was utterly unaware of this jangle, part audi- 
tory and part kinaesthetic experience described before. This time I had the 
sound of the thud or something a little duller and less toneful, very rapidly 
merging into something quite toneful. ‘That last perception was followed 
immediately by the word ‘softer,’ without any anticipatory imagery.” 


48. Series II. 2/4/15. 55. ‘Louder.’ “In that case the fore-period was 
indifferent. First tone was marked by focal awareness of tone plus slight 
kinaesthetic cringe, consisting in squinting the eye, and a little jerk of the 
face, occurring simultaneously with focal awareness of tone. Primary 
memory image, auditory, of tone, with slight persistence of kinaesthetic cringe 
during the intermediate period. In this image I was aware of the tone 
ringing slightly and beating a little. It stood out with quite a high degree 
of definiteness, although not intense. I am utterly unable to say whether it 
was perceptual or imaginal experience. The second tone came and again 
tonal perception stood out focally for, I should say, the merest instant of 
the actual sound. The sound had receded in consciousness and there was 
now in focal attention a sudden quite intensive kinaesthetic jerk, accompanied 
very definitely and clearly by a visual kinaesthetic experience. This last 
consisted in a little jerk of both eyes from a primary point of regard, which 
was vaguely visualized as a grayish splotch, upward and to the right, to a 
second point which was also visualized so that the two grayish splotches were 
two inches apart and up to the right. That was the essence of the judgment 
in this experience. The word ‘louder’ followed immediately.” 


49. Series II. 2/4/15. 50. ‘Equal.’ “At the time you said ‘ready’ I was 
sitting with arms crossed and generally pretty much relaxed, except for ten- 
sion about the eyes, which were tightly closed, with considerably more in- 
tensity of kinaesthesis than would be involved in holding them closed in 
ordinary fashion. Breathing, I think, was slower. There was slight aware- 
ness of the respiratory situation but very slight, and I think the tiniest ten- 
sion, both non-intensive and non-focal. The most prominent contents of 
consciousness were the eye-tension and then visual imagery of you holding 
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one of these pendulums up,—I think with your left hand. That was very 
vague. As time elapsed after the ready signal, there was a slight increase in 
the intensity of the eye-kinaesthesis. In the first sound, I was very focally 
aware of the thud and the sharp tonal aspect of the thing It is not a sound, 
strictly; there is a pitch to it. I guess the pitch and the quality is what I 
mean. Immediately after the sound, attention went to a lower tone,—I don’t 
know whether it is a difference tone or not. Attention went to that in terms 
of a vocal-motor starting of the set to hum the thing. The second sound 
was attended to in practically the same manner. I think that the vocal-motor 
set remained thoroughout to the second tone. Immediately after the second 
tone there was hesitation in which I was aware primarily of an immediate 
memory image of that thuddy, tonal thing. It was fully as clear as the per- 
cept had been. Sudden change in attention focus then, also; a lingering, 
more tonal thing that I have reported before; awareness of that in auditory 
perception and in a slight vocal-motor setting. Awareness of that auditory 
perception and vocal-motor setting was followed immediately by the word 
‘equal’.” 


The Comparing of Visual Brighinesses 


50. Series II. 5/6/15. 7. ‘Darker.’ “Fore-period utterly indifferent. Not 
an exceedingly narrow attention. Fixation below the aperture and focal 
point of attention the aperture with the moving situation behind it. Very 
vaguely aware of the rest of the room. When the pair of stimuli began to 
come on the field——a fact of which I was aware in slightly indirect vision, 
perceptual terms,—just as soon as I became aware of it there was an eye- 
movement upward, present to consciousness in terms of change of visual 
field. I can remember no kinaesthesis at all. Point of fixation described in 
a line which I might describe as tracing the outline of an isosceles triangle, 
with a very short base, upside down. Passing up from below it landed on 
the white between the cards rather near the one on the left. Just the least 
flutter across to the right, maybe over an area three-quarters of an inch. 
Then down again. During the instant when it was on the grays I was aware 
in exceedingly rapid succession of the general central regions of the two 
grays,—first one on the left, then to the right. The one on the right gained 
a slightly higher degree of attention and definiteness. Its quality stood out a 
little more focally, I should say, than the previous one had. The judgment 
was given with hardly an instant’s intermission. I was not aware of any 
throat tension or anything like that. Just the vocal-motor initiating of the 
word ‘darker.’” 


51. Series III. 5/13/15. 6. ‘Darker.’ “All there was to that experience 
was a movement upward of fixation, from the fore-period, which was below 
the stimulus, the upward movement ending in a point very slightly to the 
right of the left-hand stimulus on the white part, sliding across toward the 
right for something less than an inch, and then down. In the course of that 
the two stimuli,—first the left and then the right-hand—stood out in rapid 
succession, the right one being a little clearer. In both cases I was aware 
of the quality of the stimulus, the gray of it and very marginally aware of 
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the shape of it. The quality of the second stimulus stood out a little more 
focally and persistently. I can remember nothing between that and the ver- 
balizing of the judgment. No throat consciousness preceding that at all. 
Nor was there afterwards any tendency to return to the stimulus, to re- 
examine it. I can remember no strains or tensions or effective toning at 
any time in the process. I am not sure but what there was a slight kinaes- 
thesis during the upward and downward sweeps or shifts of focus. I can 
remember none during the sweep across. But the kinaesthesis was very mar- 
ginal as compared with the actual visual percept which accompanied it,—the 
change in the field of clear vision.” 


52. Series III. 5/13/15. x. ‘Lighter.’ “The fixation was in the usual 
place during the fore-period, that is, about four inches below the aperture. 
When I became aware in indirect vision that the stimuli had appeared, there 
was an eye-movement upward. Kinaesthesis very marginal. The fixation 
landed at a point slightly to the right of the left-hand stimulus and passed 
upward and toward the right. The highest point that I can remember its 
reaching was about the level of the upper part of the two stimuli very 
near the upper left-hand corner of the right-hand stimulus. During that 
sweep the two stimuli stood out in very rapid succession—much more rapid 
than the last time; first the one on the left and then one on the right. I 
was only aware of the quality of the gray about the central third or half of 
the two stimuli. The form was very marginal. The right-hand stimulus was 
decidedly more focal and that moment of focality seemed to be the most im- 
portant part of the whole experience. Nothing after that except the ver- 
balizing of the judgment. I can remember nothing about my return of 
fixation below. Even the memory of the verbalizing of the judgment is rather 
faint. It was not attended to as was the quality of the right-hand stimulus. 
The verbalization came immediately after the standing-out of the right-hand 
stimulus. That remained in consciousness a little longer than that of the 
left-hand stimulus.” 


OBSERVER O. 


The Comparing of Visual Extents 


53. Series I. 10/10/14. 144. ‘Shorter.’ “The line of regard was on the 
right-hand stimulus and there was a movement of the head and eyes from 
right to left over this line and back again. Then a very rapid shift of fixation 
to the right-hand end of the left-hand line, and eye moved over this line 
from right to left. And near the left end of this line there was a sort of 
muscular hitch in the eyes. At once vocal-motor auditory image ‘This is 
longer.’ Rapid eye-movement back to the right-hand line and visual line of 
regard passed from left to right over this and back again. Then movement 
of head to the left-hand line, and slow movement from right to left over 
this. As I neared the end of the line the movement which had been of a 
tense sort became more free as if I were sliding off the line. This meant 
to me: This line is so much longer than the other. Then vocal-motor 
imagery ‘this is shorter,’ with fixation returning to the right line. This was 
followed immediately by relaxation and pleasantness.” 
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54. Series Il. 10/17/14. 156. ‘Longer.’ “The line of regard was first 
on the right-hand line as the lines came into the aperture. I was aware in 
kinaesthetic terms of slow eye-movement from right to left and back to the 
right. Then this was repeated much more rapidly than before. Aware in 
kinaesthetic terms of rapid movement to the right-hand end of the left line 
and then rapid eye-movement over this line. My fixation went out beyond 
the end of the line. A white spot at the left-hand end of the left line was 
clearly focused, and that meant that the line was so much shorter than 
the right line. Inhibition of breathing and upward movement of the dia- 
phragm. Eyes passed quickly over the right and then the left line, and I 
had the same experience of the eye going beyond the left line. General 
relaxation and kinaesthesis of smiling, pleasant affective toning and vocal- 
motor auditory ‘longer.’” 


55. Series II. 10/17/14. . 146. ‘Equal.’ “In the fore-period there was 
fixation where the- right-hand end of the right-hand line would appear. 
As the stimuli became stationary in the aperture ' was aware in kinaes- 
thetic terms of eye-movement to the left over the right-hand line. Then 
rapid head-movement to the right-hand end of the left-hand line, and eye- 
movement across it. The eye-movements stopped exactly at the end 
of the line. Unpleasantness and general strains with an increased concen- 
tration of attention. Very rapid head-movement to the right and then eye- 
movement over the right-hand line, and then the left-hand line. Same ex- 
perience cf line of regard stopping exactly at the end of the line. This was 
followed by auditory vocal-motor image: ‘They are about even, I think.’ 
Then eye-movement to the right-hand line, and eye-movement across it 
several times. Then movement of the head to the left-hand line and rapid 
eye-movement over it several times. Severe strains in the forehead by this 
time, and almost complete inhibition of breathing. Then vocal-motor auditory 
image ‘about equal.’ This, however, was vocalized with unpleasantness.” 


56. Series I. 10/10/14. 156. ‘Longer.’ “When the lines came into the 
aperture my line of regard was on the left-hand end of the right-hand line. 
Movement from right to left over this line and back again, of which I was 
aware in terms of muscular sensations from the external eye-muscles. Then 
rapid head-movement to the left hand line and slow eye-movement along this. 
The movement continued beyond the line so that I was now fixating the 
white space slightly to the left-hand side of this line. This meant that the 
left-hand line was shorter. Immediate vocal-motor auditory imagery: ‘The 
other line is rather longer.’ This was followed by general relaxation and 
vocalization of the judgment.” 


57. Series III. 11/7/14. 156. ‘Longer.’ “Vocal-motor auditory Avuf- 
gabe: ‘Practice on the first a number of times and then just glance at the 
second,’ In the fore-period fixation where the right-hand end of the right- 
hand line would appear. As the lines became stationary in the aperture I 
moved very slowly from right to left over the right-hand line, and, as I 
reached the end with attention on the strains in the external eye-muscles, I 
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saw the left-hand line in indirect vision. Then there was immediately a vocal- 
motor auditory image: ‘No, don’t mind it; wait.’ I retained my fixation 
upon the left-hand end of the right-hand line. Then there was slight 
pleasantness; eye-movement from right to left and left to right over the 
right-hand line four or five times. Then vocal-motor auditory image: ‘Don’t 
wait too long.’ This was apparently the immediate antecedent of head-move- 
ment to the left-hand line. Then vocal-motor auditory image: ‘Now go 
slowly.’ There seemed to be, however, a kinaesthetic sensation of the eyes 
going very rapidly toward the left, and it seemed to drag my actual line of 
regard after it. This movement went a considerable ways beyond the left- 
hand end of the left-hand line so that the line of regard was fixated upon the 
white space to the left of this line. Immediately vocal-motor image of 
the word ‘longer,’ and I looked away at once with general bodily relaxation.” 


58. Series III]. 11/7/14. 152. ‘Equal.’ “My line of regard was to the 
right-hand side of the aperture before the lines appeared. When the stimulus 
came in I was aware in kinaesthetic terms of moving the head slightly for- 
ward, with fixation on the right-hand end of the right-hand line. Aware in 
kinaesthetic terms of eye-movements to the left and then to the right over 
the right-hand line very slowly, and then back again toward the left. I 
was aware very keenly of the tension in the external muscles of the eye as 
the fixation was upon the left-hand end of the right-hand line. I was then 
aware of head-movement so that my fixation was on the right-hand end of 
the left-hand line; and then eye-movement toward the left across this line. 
This movement stopped when fixation was exactly at the end of the line. 
The left-hand end of the left-hand line stood out very clearly in visual per- 
ceptual terms. I was then aware of very rapidly increasing strains in neck, 
chest and brow, and of accelerated breathing. Then very syncopated vocal- 
motor auditory imagery: ‘I wonder if these are equal; measure them again.’ 
Head moved to right-hand line and there was eye-movement over it several 
times, each time with a pause at the left-hand end of the right line with 
very keen awareness of the strain in the eye-muscles at this point. Then 
head-movement to the left-hand line and eye-movement from left to right 
across this, the eye-movement stopping so that fixation was again at the end 
of the line. Vocal-motor auditory ‘seems about equal.’ Then rapidly develop- 
ing unpleasantness and vocal-motor and auditory imagery: ‘I can’t tell, any- 
way. Then verbalization of the judgment, and relaxation.” 


The Comparing of Auditory Intensities 


59. Series I. 1/16/14. go. ‘Equal.’ “After the ‘ready’ signal I gave very 
concentrated attention to the problem, and when the first stimulus came there 
was very rapid and clear perception of it, which was followed immediately by 
a vocal-motor image of myself singing a sound of the same intensity. This 
vocal-motor set remained with the tongue in the upper part of the mouth and 
also with innervation of the head forward. Auditory image of the first sound 
also held over in consciousness, and this was more of my own voice intoning 
the same sound than of the actual sound itself. When the second came there 
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was tendency to intone this sound, and the tongue still remained in this fixed 
position in the mouth. There was also a continuation of this sound in 
auditory imagery, and both this and the motor set were apparently equalized, 
so at once I gave the judgment ‘equal.’” 


60. Series I. 1/16/14. 60. ‘Louder.’ “The first stimulus was perceived 
in auditory fashion and there was accompanying this a kinaesthesis in the 
neck and shoulders and moving the head and eyes downward. This was 
followed by vocal-motor auditory image of the word ‘light.’ Auditory image 
of the first sound remained in consciousness up to the second stimulus, and 
the second sound broke in upon it. Immediately following this auditory per- 
ception of the second sound, there was a kinaesthesis somewhere in the 
abdomen and awareness of strains here, and increase of strains in the neck 
and shoulders. This was followed by the vocal-motor auditory image of the 
word ‘heavier,’ and I gave the judgment.” 


61. Series II. 1/30/15. 35. ‘Softer.’ “Wher the first sound was given 
there was an immediate vocal-motor set for intoning a sound of the same 
intensity and pitch as that of the actual stimulation. This was apparently con- 
comitant, at least very shortly after the perception of the stimulus in auditory 
terms. This motor set in the vocal apparatus was held over up to the second 
stimulation and there was also present an auditory image of the first stimulus. 
When the second stimulus was given immediately following the auditory 
perception of it there was at once, and this was in focal consciousness, a 
relaxation of the tensions of the throat; neck and body, which appeared to be 
an adjustment to this stimulus, and the judgment was given at once.” 


62. Series I]. 1/30/15. 60. ‘Equal.’ “The first stimulus was presented 
in auditory fashion and immediately there was a vocal-motor setting for 
singing this note, and also vocal-motor auditory image ‘loud one.’ An 
auditory image of the sound also held over to the second stimulus quite 
definitely and intensively, but was less focal than the vocal-motor set for 
singing this sound. Then the second stimulus was given and it affected the 
auditory apparatus in no different way than the present auditory primary 
image of the first stimulus, except that the tone seemed to be more filled out 
and less thin. Also the intensity of the new sound did not give rise to any 
different setting of the motor apparatus. There was neither relaxation nor 
increased tension. The judgment was given at once.” 


63. Series II. 1/30/15. 65. ‘Louder.’ “The auditory perception of the 
first sound was followed by a vocal-motor set and a slight leaning forward of 
the head, and awareness of tensions in the neck. A primary auditory image 
of the first sound also continued up to the second stimulation, but seemed 
to be less focal than the vocal-motor set for singing this sound. Then the 
second stimulus came, and after its auditory perception, which was very 
rapid and very clear, there was pushing back of the head and increase in the 
tensions in the vocal-motor set, and also kinaesthesis as if the ear-drum were 
widening out. Awareness of this was followed by vocal-motor auditory 
imagery of the word ‘louder’; then the word ‘louder’ was vocalized.” 
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64. Series IV. 3/20/15. 45. ‘Softer. “In the fore-period attention to 
the general apparatus region. First stimulus given and was perceived very 
rapidly in auditory fashion, and at once there was vocal-motor set as if to 
make a sound of that intensity. This was retained up to the second stimulus, 
as well as a primary image of the first sound. There were also strains in 
the eyes, neck, forehead and back. Slight inhibition of breathing. Second 
seemed to set off an almost total relaxation, both in the vocal-motor set and 
also in the tightness with which I had my eyes closed. Also a very deep 
exhalation. The auditory sensation of the second stimulus died gradually out 
of consciousness, and for a very brief period there was complete relaxation 
before my vocalization of the judgment.” 


The Comparing of Visual Brightnesses 


6s. Series I. 4/24/15. 1. ‘Lighter.’ “Fixation of the left-hand side of 
the aperture in the fore-period. As the pair came into view a focal fixation 
of the left-hand stimulus while the right-hand stimulus was present in periph- 
eral vision and it appeared to be very light. This peripheral perception was 
apparently the immediate antecedent of a change of the line of fixation to 
the right-hand stimulus and a clear perception of it as it stood out again as 
very light. At once vocal-motor auditory ‘light’ and change of fixation to 
the left-hand stimulus and a rapid change back to the right-hand stimulus and 
a vocalization of the judgment. There was also great pleasantness and re- 
laxed condition of the usual strains of tension about the eyes, forehead, face 
and neck immediately following my first perception of the right-hand 
stimulus.” 


66. Series II. 5/1/15. 6. ‘Darker.’ “When the stimuli came into view 
I was fixating the left-hand stimulus but saw the right-hand stimulus in in- 
direct vision. This was apparently an immediate antecedent for a rapid shift 
of attention to the right-hand stimulus, and a clear visual perception of it, 
which was followed immediately by the auditory vocal-motor images of the 
words ‘not light.” Then complete shift of fixation and total focality of the 
left-hand stimulus followed for an instant a change of fixation back to the 
right-hand stimulus. With this change to the right-hand stimulus there 
seemed to be reflexly a wider opening of the eyes which I was aware of in 
kinaesthetic terms and a vocal-motor auditory image of the word ‘black.’ 
Then slight pleasantness, slight kinaesthesis of smiling, release of strains of 
attention, slight exhalation and vocalization of the judgment.” 


67. Series III. 5/8/15. 3. ‘Lighter.’ “Fixation on the left-hand stimulus 
in the fore-period, and as the drum started to revolve there was already a 
kinaesthetic tendency of the eyes to move to the right. Just as the grays 
came into view the right-hand stimulus became very focal and it was clearly 
perceived as a light gray. And then reflexly the vocal-motor set to give the 
first sound of the word ‘lighter.’ Very rapid shift of attention and fixation 
to the left-hand stimulus upon the perception of this. The ‘l’ set was com- 
pleted into the vocal-motor image of the word ‘lighter.’ This was followed 
by relaxation and the vocalization of the judgment.” 
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68. Series IV. 5/22/15. 2. ‘Lighter. “This procedure was exceedingly 
mechanized. In the fore-period while waiting for the stimuli to come to 
view, attention and fixation were on the place where the right stimulus would 
come in. As soon as the pair came into view the right stimulus was per- 
eived and perceived as a light gray. Immediately vocal-motor image of the 
word ‘light,’ and then a very nonfocal perception of the left-hand gray during 
a steadily increasing degree of relaxation and vocalization of the judgment.” 


69. Series IV. 5/22/15. 7. ‘Darker.’ “Fixation was on the position of 
the right-hand stimulus in the fore-period. When the pair came into view 
the right-hand stimulus was perceived and it stood out as very dark and was 
followed immediately by the vocal-motor image of the word ‘darker.’ Then 
rapid shift of attention to the left-hand stimulus, which was perceived in 
visual terms and followed immediately by vocal-motor auditory image of the 
word ‘yes.’ Immediate relaxation and vocalization of the judgment, with 
great pleasantness.” 


70. Series IV. 5/22/15. 4. ‘Equal.’ “As the pair came into view atten- 
tion and fixation were on the right-hand stimulus, which was perceived clearly 
in visual perceptual fashion. There was at once an inhibition of breathing 
and slight vocal-motor and auditory image of ‘er.’ Slight kinaesthesis of 
moving the head forward and the development of strains in the neck. Rapid 
shift of fixation to the left-hand stimulus, and a perception of it for a con- 
siderable time. Then rapid shift of fixation to the right-hand stimulus and 
perception of it for a moment, followed by vocal-motor auditory imagery 
of the word ‘equal,’ with a questioning inflection. Then a re-fixation and 
perception of the left-hand stimulus for a considerable time, followed by 
vocal-motor auditory image of the word ‘yes’ in a hesitating manner. Then 
a return to the right-hand stimulus which was perceived very rapidly and 
rapid vocalization of the word ‘equal.’ Attention was very highly con- 
centrated on the stimuli throughout all this procedure, and relaxation occurred 
only after the final judgment.” 


Opserver S. 
The Comparing of Visual Extents 


71. Series I. 2/19/14. 156. ‘Longer.’ “When the lines appeared in the 
aperture I fixated first the left-hand and then the right-hand line. Im- 
mediately after my fixation of the right-hand line, I had a visual image of 
it with a short perpendicular line drawn through it toward the right end. I 
then had a manual-motor image of compassing the left end of the right-hand 
line with thumb and forefinger, and checking off the distance between the 
left-hand end and this perpendicular line. This was followed by a motor 
image of compassing the left-hand line with thumb and forefinger, and check- 
ing off the entire length of this line. The distance between thumb and fore- 
finger remained the same, and were placed now upon the left-hand portion 
of the right-hand line, with the index finger retracing the perpendicular. 
Then aware of tracing the right-hand end of the right-hand line, which 
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was left over, and this was followed by vocal-motor image of the word 
‘longer.’” 


72. Series I]. 10/0/14. 152. ‘Shorter.’ “In the fore-period I was aware 
of general tension of adjustment to the problem. The left-hand line was 
fixated and I was aware of eye-strains which came from a movement of the 
eyes from left to right, as I fixated a point directly opposite the left end 
of the line. I was then aware of movement of the head to the right, and 
fixation of left-hand end of the right-hand line, and an eye-movement to the 
right across this line. This was followed by the vocal-motor image: ‘I don’t 
believe that strain is so great.’ I then fixated the left end of the left-hand 
line and repeated the operation, and the same with the right-hand line. This 
alternation of movements across the line was repeated two or three times 
until the drum began to move. The perception of this was followed by a 
vocalization of ‘shorter.’ ” 


73. Series III. 10/30/14. 150. ‘Shorter.’ “This judgment was the most 
automatic and the least clear of any I have had; that is, it was exceedingly 
short in duration and the elements were not clear. I was aware of looking at 
both lines as they came into view from a fixation-point midway between them. 
This was immediately followed by a localization of strain in the left side of 
the body, and particularly in the left arm. This was followed by vocal-motor 
image: ‘Left is longer.’ Then I repeated the process of judgment, fixating 
again the point between the two lines; again aware of strains. This was fol- 
lowed by general relaxation. I am pretty sure there was eye-movement from 
the central fixation, but it was so rapid that I can not describe it.” 


74. Series IV. 11/20/14. 140. ‘Shorter.’ “When the lines came into 
view I found that I was attending to a visual perception of the right-hand 
line. This was perceived at once as short, and very black. This was followed 
by the vocal-motor image: ‘That line was shorter.’ Then I proceeded to 
verify this judgment and this consisted in perception of the left-hand line 
and the right-hand line at the same instant, with a fixation between them. 
This was followed by a rise in clearness of the shortness and blackness of 
the right-hand line. This was followed immediately by pleasantness and 
general bodily relaxation and vocal-motor image: ‘That was right.’ I can 
not tell how the shortness of the right-hand line was present in the first per- 
ception. This perception is apparently an immediate thing. Seemed to be 
just an immediate awareness of that line.” 


75. Series VII. 12/11/14. 154. ‘Longer.’ “When the lines came into 
view I was aware of fixating the right-hand line. Perception of that line 
was partly visual and partly muscular strain in the eyes. Seemed to be 
strain of divergence. I was not aware of eye-movements across this line. 
On the visual side I was aware of the apparent thinness of the line. This was 
followed by the judgment in vocal-motor terms: ‘It’s longer.’ Then I 
looked at the left-hand line and I was aware of the shortness and blackness 
of this line, and the outline seemed less clear. That is, it seemed to be 
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covered by a halo. Then general muscular relaxation, pleasantness, and 
vocal-motor ‘that’s right.’ I was also aware of a muscular set during this 
procedure, from the preceding right-hand line; that is, the right line of the 
preceding pair. After that passed this was carried over all the way from 
the preceding pair tc the next. This set was localized in the eyes, principally, 
but also muscular tensions in the arms and the muscles of the neck.” 


76. Series VII. 12/11/14. 146. ‘Shorter.’ “This time the perception of 
the right-hand line of the previous pair was very clear. Feeling of muscular 
strain in the eyes, localized principally in the internal eye-muscles, and of 
moving the eyes from end to end of this line. Then I was aware of a visual 
image of the right-hand line of the next pair, which was immediately below 
this line and was shorter. This was apparently the immediate antecedent of 
the vocal-motor image: “The next line will be shorter.’ Then the pair upon 
which I was to introspect came into the aperture and I at once fixated the 
right-hand line and was aware at once of the shortness and the blackness of 
it. This was followed by general relaxation and vocal-motor ‘that’s right.’ 
Then there was a vocal-motor image ‘I will see.’ Increase of tension and 
turning of fixation to the left-hand line. Very short perception of the left- 
hand line, and in this perception its narrowness and clear-cut edges seemed 
to stand out. This was followed by pleasantness and relaxation, and vocal- 
motor ‘that’s right.’ ” 


77. Series I. 10/2/14. 148. ‘Shorter. “The fore-period here consisted 
of eye-strains and a general feeling of excitement which I am unable to 
analyze. I fixated the left-hand line and then the right-hand line. As I 
fixated the right line I had a visual image of the left-hand line superimposed 
upon it, with the end of the right-hand line extending beyond the image. This 
image of the first line might, perhaps, be called an after-image rather than 
a real image, because it was very gray instead of black. I was unable to 
tell whether it was a real positive after-image or a vague visual image. This 
was followed by the verbal judgment ‘shorter’ with continued fixation upon 
the right-hand line, with the image of the left-hand line dropping down 
immediately.” 


78. Series I. 10/2/14. 150. ‘Equal.’ “There was a general tension and 
strains in the fore-period, with fixation on the aperture. When the lines 
appeared I first fixated the left-hand line, and with this fixation continuing I 
had a manual-motor image of compassing the length of this line with thumb 
and index finger. Attention was directed to muscular strain in the hand 
rather than to the visual components of my consciousness; attention and 
fixation then turned to right-hand line, and I had again a motor image of 
compassing this line with thumb and forefinger, again with attention to 
strain in the hand. This process was repeated on both lines two or three 
times, with continued fixation of the lines. This was followed by a vocal- 
motor image: ‘Can’t decide; they are the same.’” 
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The Comparing of Auditory Intensities 


79. Series I. 1/22/15. 50. ‘Louder.’ “When you gave the ‘ready’ signal, 
I had auditory images of the sound of the pendulum hitting the block, and I 
was also aware of a motor tension of adjustment and a turning of the right 
ear toward the instrument. This was followed by a reversal of position so 
that when the first sound was struck I was facing directly toward the in- 
strument. I had then a visual image of you lifting one of the hammers, and 
I fixated the block in this visual image. I was aware of motor strains, mostly 
in the neck and eyes, with occasionally a visual image of seeing the hammer 
drop. This was concomitant with the tightening of the muscles that con- 
trolled respiration, and inhibition of breathing; and then the auditory image 
of the sound which was concomitant with an imaged motor jerk all over my 
body. Then the first sound was given and the auditory perception of it 
seemed to be followed immediately by a slight jerk or muscular contraction 
localized principally in the muscles of the neck, and apparently in the internal 
muscles of the ear. This motor adjustment was held over between the first 
and second stimuli, and during this interval an auditory image of the first 
stimulus was also reinstated two or three times. The muscular set in neck 
and ear, however, seemed to be maintained constantly and with constant 
intensity throughout this period. When the second stimulus came I was aware 
of an increase of muscular strain, apparently in purely kinaesthetic terms. 
Immediately there was present a vocal-motor image ‘the second is stronger.’ 
There not only seemed to be an increase in intensity immediately following 
the second stimulus, but also a larger musculature seemed to be involved in 
terms of a greater extent of localization. Just as I made the judgment I 
was aware of visualizing this entire situation in terms of a vague visual 
schema of the block and hammer, and of myself in an exceedingly strained 
position.” 


80. Series I. 1/22/15. 45. ‘Equal.’ “In the fore-period, I was aware 
of intense strains and very concentrated attention, the strains being those 
of fixation in the general apparatus region. I was then aware of the auditory 
perception of the first stimulus, but I was not aware of a jerk of the body 
backwards at all, following this. I was simply aware of a general strain 
which was connected with the fixation of the block, and the general con- 
traction of the shoulders, neck and eyes. This remained over to the second 
stimulus. This second stimulus was perceived in auditory fashion, and again 
without the muscular jerk that I have described before. I immediately had 
an auditory image of the first stimulus, followed very rapidly by an auditory 
image of the second stimulus. And this time I had the motor adjustment to 
both. I was unable to find any difference in either the motor adjustment or 
the intensity of the auditory image. Finally, after a considerable time, the 
word ‘equal’ occurred in vocal-motor auditory imagery.” 


81. Series II. 1/29/15. 45. ‘Equal.’ “In the fore-period, I had a visual 
image of the apparatus in which I saw the hammers fall, with an auditory 
image of them striking, and kinaesthesis of jerks backwards. The first 
stimulus was perceived in auditory fashion, and I was aware of muscular 
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tension about the eyes, neck and shoulders; I was then aware of this tension 
persisting definitely up to the second stimulus. When the second stimulus 
struck it was perceived in auditory fashion, but attention turned very rapidly 
to the motor set, and I was aware of this same tension persisting about the 
eyes, neck and muscles of the shoulders. This was all of which I was aware. 
I then reproduced the two stimulations in auditory imagery, with muscular re- 
actions, and when I got through I was simply aware of this muscular tension. 
This was followed by reinstatement of the auditory images, and the muscular 
reactions two or three times, with attention simply to the continuance of the 
muscular reaction, without change. This was followed by the vocal-motor 
image: ‘Well, you had better judge,’ which was followed by general strain 
throughout the body, and a visual awareness of the experimenter. I then hada 
kinaesthetic image of pushing the apparatus away and a vocal-motor image: 
‘I can’t do it.’ The characteristic thing here was that there was nothing there ; 
that is, that after the second stimulus I simply retained the same muscular 
set. More awareness of muscular tension with absence of ideational elements. 
This experience was exceedingly unpleasant. I find that the louder judg- 
ments are very much easier than the softer ones, as an increase in the mus- 
culature seems to be more readily perceived than the relaxation of the mus- 


culature.” 


OBSERVER C. 


The Comparing of Visual Extents 


82. Series I. 10/14/14. 154. ‘Longer.’ “This time the adjustment to the 
problem was not so active and I did not approach it in nearly so strained 
or concentrated a degree of attention. When the lines came into view, eye- 
movements from left to right over the left-hand line. Considerable eye-strain. 
Fixation then turned to the right-hand line, and I was aware of muscular 
movements across this line, with an increase in the strain of the eye-move- 
ments. Before the eye-movements had reached the right-hand end of the 
right-hand line there was bodily relaxation, vocal-motor auditory image: 
‘This one is longer’; and then I finished out the rest of the line in eye-move- 
ments.” 


83. Series I. 10/14/14. 146. ‘Shorter. “When the lines came into 
view there was fixation of the left line with considerable strain for a con- 
siderable time. Then eye moved across this line from left to right. Change 
of fixation then to left-hand end of the right-hand line, and movement across 
it toward the right. I went all the way across the right-hand line and reached 
the end of the line before the amount of strain in the eye was completed. 
That is, I reached the end of the line before the strain of going across the 
left-hand line had been approximated. I then squinted my eyes and saw both 
ends of the right-hand line at the same time. This squinting was carried over 
in a motor set to the left-hand line, and before I had a perception of the both 
ends of the line simultaneously I was aware of a widening out of the eyes 
and increase in strain. Vocal-motor auditory image ‘shorter,’ with general 
bodily relaxation, but particularly in the eyes.” 
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84. Series II. 10/21/14. 148. ‘Shorter.’ “Very concentrated attention to 
the aperture in the fore-period. I anticipated by carrying over a motor ad- 
justment from the pair before. Fixation of first the left and then the right- 
hand line, and I was not aware of an increased strain in the eyes with 
fixation of either of these lines, nor by focusing between the two was I able 
to see which was longer. Attention became now more passive and less 
strained, and I began all over again. I was aware of eye-movements across 
the left-hand line and then across the right-hand line, without any effort to 
form a judgment. A vocal-motor auditory Aufgabe was now present to 
wait until the lines got to the top of the aperture. I then fixated the left-hand 
line as a whole, and then the right-hand line as a whole, with attention to 
the strain in the adjustment of the eye. This strain is localized in the 
interior of the eye, apparently in the lens, cornea, and the like. At least it 
seems to be in the middle of the eye. After my fixation of the left-hand line 
the strain carried over and I fixated the right-hand line, and I was aware 
of a slight relaxation of this strain. Then I reflexly gave the judgment 
‘shorter.’ ” 


85. Series II. 10/21/14. 144. ‘Equal.’ “The strain in the interior of the 
eye was carried over from the pair of lines before. I perceived the left-hand 
line and then the right-hand line. Then fixation fluctuated from one to the 
other. On neither line did the strain let up, so that I could not make any 
choice. Then the vocal-motor Aufgabe was present: ‘Wait until the lines 
are both at the top and get them both at once while looking between.’ When 
the lines were in this position I tried this and for a moment got both at once, 
but I could not tell any difference, and the strain for each seemed to be the 
same. Then this developed into positive subjective equajity.” 


86. Series III. 1/14/14. 150. ‘Shorter.’ “General attention to the aper- 
ture in the fore-period. When the lines came into view, the left-hand line 
was fixated for a long time with an awareness of eye-strains in focal con- 
sciousness, and also an awareness that the eyes moved through a certain angle, 
which was present in motor terms. I then turned to the right-hand line 
and moved from left to right through the same angle as before, and at the 
end of this movement I was fixating the white card a short distance beyond 
the right-hand end of the right-hand line. Almost concomitantly with this 
there was quick organic kinaesthetic reaction which I am unable to describe, 
and which was followed by general bodily relaxation and the vocal-motor 
image ‘shorter.’” 


87. Series III. 1/14/14. 154. ‘Longer.’ “When the lines came into view 
I very rapidly noted the eye-adjustment for perceiving the left-hand line. 
This was not a movement across the line, but I perceived the entire line at one 
time; and the adjustment of one of accommodation, apparently localized in 
the interior of the eye. This adjustment was carried over to the right-hand 
line, and there seemed to be an added increment of adjustment. There was an 
increase of strains in the interior of the eye, in order to get both ends of the 
right-hand line in consciousness simultaneously. As soon as the eye had 
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gotten this adjustment for the right-hand line, with an awareness of the in- 
crease of strains of accommodation, there was then general relaxation, and 
vocal-motor ‘longer.’” 


88. Series VI. 12/11/14. 156. ‘Longer.’ “This adjustment was very 
rapid and of a very reflex sort. I focused the left-hand line with a single 
glance of the eye, and was aware of the strains of accommodation carrying 
over while my fixation changed to the right-hand line. This was focused in 
the middle with this same adjustment. And then I was aware of a spreading- 
out of the adjustment with increased strain until the ends of the right-hand 
line were clearly perceived at once with the auditory vocal-motor image of 
the word ‘longer.’” 


The Comparing of Auditory Intensities 


89. Series I. 1/22/15. 35. ‘Softer.’ “In the fore-period, attention to the 
general apparatus region and awareness of muscular strains, particularly in 
the face and across the brows as of frowning; and of auditory images of the 
sound which were localized toward the left. The first stimulus was perceived 
and tailed off very slowly indeed. There was an auditory image of the first 
stimulus present all the while up to the second stimulation. I was unable to tell 
when the perception ceased and this auditory image began. This auditory 
image of the first stimulus, which was maintained up to the second stimulus, 
seemed to remain with the same intensity and the same degree of clearness. 
The second stimulus was perceived very quickly and was very unintensive, 
as compared with the image of the first stimulus which had been in con- 
sciousness just before. There was then vocal-motor auditory ‘lighter’ and 
relaxation.” 


go. Series I. 1/22/15. 40. ‘Louder.’ “Again a slight attentional pre- 
paredness for the first stimulation, which consisted in attention to the general 
apparatus region and slight muscular tensions in the face and brow, and 
also auditory images of the sound in anticipationn. First stimulus was given, 
and it was clearly perceived and seemed to last for a considerable time. Then 
passed out of consciousness, but between the first and second stimulation there 
were twice present auditory images of the first stimulus. As this image of the 
first stimulus became very focal the second stimulus was given. The second 
stimulus was perceived very rapidly and was of short duration and exceedingly 
intensive, as compared with the auditory image of the first stimulus which 
had been present just before. Then the auditory image of the first stimulus 
came in again with visual-spatial localization toward the left. Simultaneously 
with this there was general bodily relaxation and I reflexly vocalized ‘louder.’ ” 


or. Series II. 2/5/15. 50. ‘Equal.’ “In the fore-period there was gen- 
eral bodily attitude of frowning, kinaesthesis of contraction of the muscles 
of the face, and auditory images of the pendulum striking, which were very 
unclear; also very vague visual images of the apparatus. First stimulus was 
given and very clearly perceived. Duration was longer. No auditory image 
of this persisted, but attention went to a kinaesthetic quiver, particularly the 
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ears. Then the second stimulus was given, was clearly perceived, and re- 
mained relatively long in consciousness. Also aware of attention to a con- 
tinuation of the quiver about the ears. Then auditory images of first and 
second stimulations came in again in that order, but these images were not 
different. These images followed one another very rapidly and were localized 
respectively to the left and right in a visual-spatial manner. Then the au- 
ditory vocal-motor image ‘equal.’” 


g2. Series II. 2/5/15. 45. ‘Equal.’ “First stimulus was clearly perceived 
There was some bodily adjustment to this, particularly about the ears and 
face, and this adjustment persisted up to the second stimulation. When this 
second stimulation was perceived I was not aware of any difference in 
the bodily adjustment following this. Then there was a pause with con- 
siderable tension in the vocal apparatus, and finally vocalization of the judg- 
ment.” 


93. Series III. 2/12/15. 35. ‘Softer.’ “Immediately following the per- 
ception of the first stimulus there was quite an intense tingle in the ear, and 
the auditory side of this stimulation dropped out immediately, but a facial 
tension and tension in the ear persisted up to the second stimulus. With the 
second stimulus I was aware of two things: First, an absence of the tingle 
in the ear which was present from the first; and secondly, a relaxation in 
the general facial tension. Judgment was vocalized at once.” 


94. Series IV. 3/19/15. 60. ‘Louder.’ “Immediately after the ‘ready’ 
signal, I visualized the apparatus. Adjustment of an attentional sort to the 
general apparatus region, The first stimulus was perceived quickly and went 
out of consciousness very rapidly, and I was not aware of any image of it 
coming in. Then the second stimulus was perceived, and it seems that I 
must have carried over some sort of facial adjustment because I was now 
aware for the first time of an increase in strain which had been present in 
my forehead and jaws. Reflexly, I vocalized the judgment.” 


The Comparing of Visual Brightnesses 


95. Series I. 4/21/15. 7. ‘Darker.’ “Just before the stimuli appeared, 
there was fixation at the right end of the aperture and vocal-motor auditory 
image of ‘darker.’ Then the stimuli appeared and the fixation shifted to the 
white space between the two rectangles, and I perceived both at once. Then 
fixation turned to the right-hand rectangle, and I just perceived its darkness 
and reflexly vocalized the judgment.” 


06. Series I, 4/21/15. 5. ‘Equal.’ “Fixation was at first between the two 
rectangles and I perceived both at once. Vocal-motor image of the word 
‘equal.’ This was followed by rather intense muscular tension, practically 
all over my body. Then I fixated the left-hand rectangle and I was aware of 
a sort of halo about it, and also of the washed-out, pale appearance of the 
center of the rectangle. This apparently drew attention for a considerable 
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time. I then fixated the right-hand rectangle and this also appeared pale in 
the middle, and I now had vocal-motor and auditory images of ‘equal.’ Then 
fixated the white space between the two, and just as they were disappearing 
I was fixating the right-hand rectangle, and it appeared very dark. Then I 
vocalized the judgment in a doubtful and hesitating manner.” 


97. Series II. 4/28/15. 4. ‘Darker.’ “In the fore-period there was close 
fixation on the aperture, and high degree of tension and restlessness. Then 
the two stimuli came into the aperture. If I was aware perceptually of the 
left-hand stimulus at all, it was only for an instant and with a very low de- 
gree of clearness. I was fixating the right rectangle and it appeared very dark. 
Then there was some sort of an organic sensation, and vocal-motor ‘darker. 
This was followed by relaxation. But I continued to attend to the perception 
of the rectangles and alternated several times between the right and left- 
hand ones, but the right one always remained more focal. Then I was focally 
aware of the right-hand one appearing very dark, and I reflexly vocalized the 
judgment ‘darker.’ ” 


o8. Series 11. 4/28/15. 4. ‘Darker.’ “In the fore-period this experience 
was characterized by restlessness and strains, particularly about the face and 
neck, and a tendency to visualize a pair in which neither appeared darker. 
The two stimuli appeared and there was a perception of the left-hand stimulus, 
but of very short duration, and as if I were already moving my line of re- 
gard to the right-hand stimulus. Then the right-hand rectangle was per- 
ceived and stood out as very black, and I reflexly gave the judgment ‘darker.’ 
This was followed by general relaxation.” 


99. Series II. 4/28/15. 1. ‘Lighter.’ “In the fore-period I had a visual 
image of two very dark rectangles which looked to be equal. Unpleasantness 
and tension in the neck and throat, and inhibited breathing. Vocal-motor 
auditory process: ‘I guess this will be hard.’ The two stimuli appeared and 
there was fixation of the right-hand stimulus at once. It appeared very 
light. The judgment was vocalized at once with general attentional relaxa- 
tion. I only looked at the left-hand rectangle as I was turning away, and 
after the judgment had been given.” 


100. Series III. 5/5/15. 3. ‘Lighter.’ “As the stimuli came into the 
aperture, I perceived the right-hand stimulus first focally. In the center 
of this rectangle it appeared pale and washed out. There was a sudden start 
of the vocal organs to say ‘lighter,’ and pleasantness and a general bodily re- 
laxation. Before the judgment was vocalized, however, I fixated the left- 
hand stimulus and immediately vocalized the judgment.” 


Osserver Wd. 


The Comparing of Lifted Weight Stimuli 


101. Series I. 2/25/13. 100. ‘Lighter.’ “With the lifting of the first 
weight the focal thing in consciousness was the kinaesthetic sensations local- 
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ized primarily in the wrist, slightly in the forearm, and back of the hand. I 
was non-focally aware of a visual image of my hand grasping the weight. 
A primary kinaesthetic image of the lifting of the first weight was present 
throughout the lifting and lowering of the empty hand, and up to the lifting 
of the second weight. I was then aware of kinaesthetic sensations of con- 
siderably less intensity than the image had been. Almost immediately I had 
in vocal-motor auditory imaginal terms the word ‘lighter,’ and attention turned 
at once from the problem.” 


102. Series I. 2/25/13. 108. ‘Heavier.’ “During the lifting of the first 
weight I was aware of kinaesthetic sensations primarily in the wrist, slightly 
in the forearm, and over the back of the hand; and a primary image of this 
remained in consciousness up to the lifting of the second weight. I was 
then aware with the lifting of the second weight of very much greater in- 
tensity of sensation than had been present in my image. I had then a visual 
image of two weights, one to the right smaller and lighter in color than the 
one to the left, but this was not focal and was more or less hazy.” 


103. Series II. 3/11/13. 96. ‘Equal.’ “With the lifting of the first 
stimulus I was aware of kinaesthetic sensations of fairly great intensity, 
localized in the wrist and forearm. This was followed by an immediate 
vocal-motor process ‘heavy-light,’ which meant a characterization of the first 
stimulus as heavy in absolute terms, and an expectation that the second would 
be light. This latter was accompanied by motor imagery of reaching to the 
left as for the second stimulus. This whole process was accompanied by a 
rather intensive pleasantness. A primary memory image of the kinaesthesis 
of the first weight, localized particularly in the wrist, persisted up to the 
lifting of the second weight. When this second stimulus was lifted there 
Was an awareness, particularly in the wrist, of rather intensive kinaesthetic 
sensations. This was followed immediately by a deep inhalation and in- 
hibition of breathing, and a revulsion of affective toning to rather intensive 
unpleasantness. By this time the weight was nearly at the top of the lift, 
and the kinaesthetic sensations of the wrist again became focal. When the 
weight was at the top of the lift I became focally aware of a kinaesthetic 
image of the sensations of the lifting of the first weight which were referred 
to the first weight by a motor imaginal reference toward the right. The in- 
tensity of the image of the lifting of the first weight and the sensations which 
I had just had before of lifting of the second weight seemed to be exactly 
similar. The judgment was then formulated in vocal-motor terms.” 


104. Series III. 3/12/13. 104. ‘Heavier.’ “With the lifting of the first 
weight I was aware of sensations of a kinaesthetic sort, localized particularly 
in the wrist, forearm and back of the hand, in which the wrist was by far 
the more focal. I now believe that a muscular strain persists from the lifting 
of the first weight up to the lifting of the second. That is, I do not believe 
that what is carried over is a real image, but that it is actually an innervation 
of the muscles. This time there was a conscious determination to keep this 
muscular feel definitely in mind up to the lifting of the second weight, but I 
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can not tell how this determination was present. With the lifting of the 
second weight I was aware of the insufficiency of this motor contraction,— 
that is, a difficulty in lifting the weight from the table, and then sensations 
of a kinaesthetic sort which became gradually greater in intensity until the 
weight was lifted. The judgment came in vocal-motor terms immediately and 
there was then a turning of attention to other things.” 


105. Series VII. 4/20/13. roo. ‘Heavier.’ “When the first stimulus was 
lifted there were very clearly in consciousness kinaesthetic sensations prin- 
cipally in the wrist, and also in the forearm and back of the hand, which 
were of absolutely very light intensity. This was followed by the auditory 
vocal-motor image ‘light-heavier,’ in the latter case with manual-motor imagery 
toward the left. A motor set similar to the lifting of the first weight persisted 
up to the lifting of the second weight, and with the lifting of the second 
stimulus I was aware of the fact that the weight did not go so high nor so 
rapidly, and also that the kinaesthetic sensations, particularly in the wrist, 
were of greater intensity. This apparently set off the vocal-motor image 


‘heavier.’ ” 


106. Series VII. 4/20/13. 92. ‘Lighter. “All I was aware of was a 
consciousness of kinaesthetic sensations with the lifting of the first weight, 
which were of fairly great absolute intensity. This was followed by vocal- 
motor ‘fairly heavy—lighter.’ There was also a continuation, in what appears 
to be a motor set, of the kinaesthetic sensations, particularly in the wrist, 
of the lifting of the first weight up to the lifting of the second stimulus. 
The second stimulus was lifted, and I was aware of a less intensive degree 
of kinaesthesis in the wrist than the image which had just preceded it, and 
this apparently set off in mechanical fashion the vocal-motor image ‘lighter.’ 
There seems to be now in every case an absolute estimation of each of these 
two sensations, as well as the comparison of their intensities. They are 
apparently compared every time with an average. There seemed to be seven 
groups of intensities into which each particular weight may fall. There are 
three grades heavier than the average, and three grades lighter,—that is, 
very heavy, heavy, fairly heavy, average, fairly light, light, very light. After 
a perception of the intensity of the kinaesthetic sensations these are charac- 
terized in vocal-motor terms, often with concomitant auditory imagery as 
belonging to one or another of these seven groups. With this characterization 
of the first stimulus there is often a prophecying in the opposite direction from 
the average as to what the second weight will be.” 


107. Series VII. 4/20/13. 88. ‘Lighter.’ “With the lifting of the first 
weight I was aware of fairly intensive kinaesthetic sensations, particularly 
in the wrist, somewhat in the forearm and hand, and this set off the verbal- 
motor image ‘fairly heavy.’ The primary image of this intensity remained 
up to the lifting of the second weight. I was aware with the lifting of the 
stimulus of several things: That the intensity of the sensations involved 
in its lifting was less than the motor set which had lasted up to it, and also 
that the second weight went up more quickly. There was an immediate vocal- 
motor image of the word ‘lighter.’” 
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Osserver F. 
The Comparing of Lifted Weight Stimuli 


108. Series II. 2/20/13. roo. ‘Heavier.’ “The first weight was lifted 
and I was aware in tactual terms of the pressure of the fingers in the weight. 
I grasped each weight just sufficiently to keep it from slipping from the 
fingers. While the empty hand was lifted and lowered I carried over a tactual 
image of this pressure up to the lifting of the second weight. I was then 
aware in tactual terms of the pressure of the fingers on the weight for the 
lifting of this second stimulus, and they were of greater intensity than the 
tactual image which had just preceded them. The judgment came at once in 
vocal-motor terms.” 


109. Series III. 2/26/13. 92. ‘Lighter.’ “The tactual impression on the 
ends of the fingers of the second weight compared with a memory image of 
the tactual impression of the first weight seemed to be the basis for judgment. 
For the first stimulus there was also a definite idea of its absolute equality, 
which was present to consciousness in terms of a visual image of a weight 
slightly heavier than medium. The second stimulus was judged to be of 
about medium absolute intensity. I am not aware of kinaesthesis playing 
any part in the judgment.” 


110. Series IV. 2/27/13. 100. ‘Equal.’ “The judgment again was made 
by a comparison of the tactual pressure of the weight of the second stimulus 
on the fingers as compared with an image of the first weight which persisted 
up to the grasping of the second stimulus. This pressure on the fingers was 
a serial sort of affair. At first the pressure is upon all of the fingers, but 
later it is primarily upon the third finger, at least the pressure on the third 
finger is more focal in consciousness than upon any of the others. The 
pressure exerted by the second stimulus seemed to be exactly similar to my 
image of the pressure of the first stimulus.” 


111. Series VII. 3/20/13. 88. ‘Lighter.’ “I was aware of a tactual sen- 
sation on the fingers with the lifting of the first weight, and this was judged 
to be lighter than medium. An image of this pressure remained over up 
to the grasping of the second stimulus. Pressure on the tips of the fingers 
was of much less intensity than this image. The second stimulus was judged 
clearly to be lighter than medium.” 


112. Series XI. 4/3/13. 00. ‘Equal.’ “I lifted the first weight and was 
aware of a tactual sensation on the tips of the fingers, particularly the third, 
which I judged to be of medium absolute intensity. After replacing the first 
stimulus, an image of this remained over to the grasping of the second weight, 
and with the raising of the second weight the sensations of a tactual sort 
seemed to be of exactly the same intensity as the image, and this weight was 
also judged to be of medium absolute intensity. I have in consciousness some- 
thing more than I have been telling you. I have seven classes of absolute 
weight, and each stimulus as it is lifted is judged to be in one or other of 
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these classes. These are medium, lighter, still lighter and lightest, slightly 
heavier than medium, next to heaviest, and heaviest. The weight is put into 
one of these classes, due to my perception of the tactual intensity almost 
solely, but now and then a visual and vocal-motor characterization of them.” 


113. Series XIII. 4/23/13. 104. ‘Equal.’ “The first stimulus was judged 
in terms of the tactual intensity of the sensation as a little heavier than the 
average. A tactual image of this remained only vaguely for a short time. 
There were then present in consciousness an anticipatory tactual image of 
absolutely medium weight. This was held in a visual schema and the tactual 
sensations due to the lifting of the second weight were actually perceived as 
one grade heavier than medium. This visual schema as a working basis is a 
series of seven vague gray splotches extending from left to right in front 
of me, and indicating the position of each of the intensities of the sensation. 
The medium intensity is directly in front of me, the lightest to the left, and 
heaviest to the right, with two grades between the heaviest and medium and 
the lightest and medium. There is imagery of fixation of the line of regard 
upon the point in this schema corresponding to the intensity of the tactual 
sensations of each weight lifted, and that point in the schema also appears 
with a greater degree of visual clearness.” 


Opserver P. 
The Comparing of Lifted Weight Stimuli 


114. Series III. 3/1/13. 93. ‘Lighter. “The first stimulus was lifted 
and I was aware of kinaesthetic sensations in the hand, particularly in the 
fingers, which were in very strained condition. An image corresponding in 
intensity to these sensations was present up to the lifting of the second weight. 
This second stimulus was lifted and I was aware of kinaesthetic sensations in 
the hand which was of less intensity than the image just preceding.” 


115. Series III. 3/1/13. 88. ‘Lighter.’ “With the lifting of the first 
weight I was aware first of pressure of the weight on the finger-tips, and these 
were of very great absolute intensity. I was then aware of kinaesthetic sen- 
sations of the lifting of the first weight, and these remained in imagery up 
to the lifting of the second weight. I tried to lift the weight with the same 
intensity corresponding to this kinaesthetic image, and here I was aware that 
the hand went higher and that there was more strain across the fingers. The 
hand also went up faster with the lifting of the second weight and the tactual 
sensations seemed to be absolutely very light. The hand gave a little jerk 
upward immediately upon the grasping of the second weight; the judgment 
seemed to be made at once upon the perception of this.” 


116. Series IV. 3/3/13. 108 ‘Heavier.’ “The first weight was lifted 
with a certain swing to it, and I was aware of the intensity of the kinaesthetic 
sensations, localized particularly in the forearm and hand, and of the sensa- 
tions of contact on the end of the fingers. An image of these lasted up to 
the lifting of the second weight. The second weight was grasped with the 
same intensity of contact, and the same amount of energy was put into the 
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lifting. It now seems that the pressure sensations are no longer a variable 
element as I seemed to be grasping the weight with approximately the same 
force. As the second weight was returned to the table, the judgment ‘heavier’ 
was formulated, due to the great intensity of the kinaesthetic sensations, par- 
ticularly in the hand. I am unable to tell any difference in the space over 
which these sensations were localized. It seems to be more a matter of a 
comparison of the intensiveness of these sensations.” 


117. Series VII. 3/14/13. 92. ‘Lighter.’ “With the lifting of the first 
weight there was very focally in consciousness the intensity of the kinaesthetic 
strains in the fingers and hand and forearm. An image of these remained in 
consciousness up to the lifting of the second weight, and this stimulus was 
lifted with the same swing and to the same height. This second stimulus 
came away from the table more rapidly than the first weight, and the judgment 
‘lighter’ was formulated in vocal-motor terms at once. There did not seem 
to be such a marked difference in weight, but there was a marked difference 
in the speed with which the up-stroke was made.” 


118. Series XI. 3/21/13. 88. ‘Lighter.’ “With the lifting of the first 
weight there was very clear sensation of a kinaesthetic sort in the muscles of 
the forearm, and also in the joints of the wrist and the fingers. An image 
of these, but particularly of the muscular sensations of the forearm, remained 
up to the lifting of the second stimulus. This was lifted with the same amount 
of force and came away lighter. In the early part of the lifting of the 
second stimulus, the speed was greater and the judgment made almost at 
once.” 


119. Series XXIV. 6/3/13. 96. ‘Equal.’ “With the lifting of the first 
weight I was aware of kinaesthetic sensations, particularly in the forearm, 
also in the wrist and fingers, which were of light absolute intensity. With 
the replacing of this first stimulus the intensity of these sensations was imaged, 
and it persisted between the raising and lowering of the empty hand. The 
second stimulus was lifted in the presence of kinaesthetic imagery of the first 
stimulus, and I was then aware of the kinaesthetic sensations particularly in 
the forearm, these being the most focal, involved in the lifting of the second 
stimulus. And I was unable to see any difference in the intensity between 
them and the image. No judgment was formulated, however, until the second 
weight was replaced upon the table, when the judgment was formulated in 
vocal-motor auditory terms. I am in the attitude of looking for a difference 
and this time, as always, there was unpleasantness when I could not find a 
difference. This weight is simply subjectively equal as I could not bring out 
the difference of the intensity of the two sensations. But there is no feeling 
of equality like I have often gotten from a feeling of difference.” 


Osserver B. 


The Comparing of Visual Extents 


120. Series II. 10/14/14. 154. ‘Longer.’ “I was very conscious of eye- 
movement from one line to the other from right to left across each line 
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several times. And the judgment did not come until the second comparison. 
I had a visual image of the left-hand line above the right-hand line and 
the right-hand line extended out to the right beyond the image. There was 
also a comparison of kinaesthetic images of the movement over the two lines 
as the eye-movements were very much involved.” 


121. Series II. 10/14/14. 152. ‘Equal.’ “Attention and fixation first 
upon the righthand stimulus, which was perceived clearly. Then eye-move- 
ment and perception of the left-hand stimulus, and judgment that the right- 
hand stimulus was longer. Then a return of fixation to the right-hand 
stimulus, and an ‘equal’ judgment developed. Throughout this portion I was 
very conscious of eye-movement and the judgment was made in terms of it. 
Very concentrated attention up to the moment of the formulation of the final 
judgment, following which there was relaxation. I had more of a com- 
parison consciousness here. I carried over a kinaesthetic image of the first 
stimulus and definitely compared it with the kinaesthesis of moving across 
the second stimulus. I should say that I had more of a relational conscious- 
ness. The process throughout was marked by slight unpleasantness.” 


122. Series III. 10/28/14. 154. ‘Equal.’ “When the lines came into view 
there was a perception of the left-hand stimulus in visual terms, and without 
any consciousness of kinaesthesis but with attention keenly upon this line. 
I then perceived the right-hand stimulus and a visual image of the left-hand 
line lingered in consciousness. It seemed as if this image and the perception 
of the right-hand line were present simultaneously at the moment of the 
judgment, with attention upon the perception of the right-hand line, however. 
The image of the left-hand line was above the right-hand line, when both were 
present simultaneously, the left-hand ends being together and both extending 
the same distance to the right.” 


123. Series IV. 11/4/14. 144. ‘Equal.’ “The visual perception of the 
left-hand stimulus with visual fixation on the center of the line. I am con- 
scious of trying to perceive the line as a whole and without eye-movement. 
Shift of fixation to the center of the right-hand stimulus, and I was then 
aware of a visual image of the left-hand line above the right-hand line with 
about a quarter of an inch above the right-hand line. And the right and 
left ends of the line, and the image were in a similar position. The judg- 
ment was expressed in verbal terms, and there was a relational consciousness 
which was a spatial relation.” 


124. Series IV. 11/24/14. 156. ‘Longer.’ “Fixation was on the center 
of the left-hand line, but I am sure that there was eye-movement before I 
perceived this line as a whole. I carried over a visual image of the left- 
hand line to the right-hand line, and this was superimposed above the right- 
hand line, but the right end of the image did not extend out so far. There 
was also some kinaesthesis involved in the perception of the right-hand line 
which I believe was as influential in the formation of the judgment as the 
visual image. That is, as my eye was moving across the right-hand line I 
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was aware of the eye stopping for a moment and then proceeding onward, and 
apparently this hitch in the eye-movement indicated the point where the othet 
line would have stopped.” 


125. Series VI. 12/2/14. 154. ‘Longer.’ “Fixation on the left end of the 
left line as the stimulus appeared in the aperture. This was followed by 
consciousness of eye-movement in motor terms across the end of this line 
with fixation for a considerable time on the right end of this line. Then eye- 
movement to the left end of the right-hand line, and eye-movement across this 
line. This eye-movement, however, halted just a little before the end of the 
line was reached, and the very end of the line stood out very clearly in visual 
perceptual terms. I was aware then of the judgment being vocalized at once.” 


The Comparing of Auditory Stimuli 


126. Series I. 1/27/15. 60. ‘Louder.’ “In the fore-period there was 
distinct muscular strain about the head and attention toward the instrument, 
and fragmentary vocal-motor and auditory imagery of the instructions. When 
the first sound was given, I was conscious of a muscular image of the forward 
movement of the head and of a tension in the mouth and tongue; also pressure 
in the upper chest, due to suspended breathing. There was also attention, 
at the time of the sound, to the sound itself, and sustained attention to an 
image of the first sound. That is, the first sound tailed off slowly and was 
just disappearing when the second sound was given. This was perceived and 
the judgment ‘louder’ came immediately, but I can not say how it was present.” 


127. Series I. 1/27/15. 65. ‘Louder.’ “In the fore-period I was distinctly 
conscious of drawing in the breath and holding it. Then perception of the 
first sound, and at once I gave a reflex jump, either organic or kinaesthetic, 
and I believe that this was the criterion of my judgment. The general breath- 
ing strains and strains in the head carried over from the first to the second 
stimulus. Then after the perception of the second stimulus there was a 
slight pause,—that is, it seemed as if it took me longer to perceive the second 
stimulus than usual. I was consciousness of the slowness of my own re- 
laxation. After the second stimulus there was a jump and this comes every 
time. The judgment was given with the greatest subjective assurance.” 


128. Series II. 2/10/15. 65. ‘Louder.’ “In the fore-period there was 
strain, inhibition of general movement, and pressure from suspended breath- 
ing, and also tensions about the head, especially in the forehead. This whole 
kinaesthetic and organic condition of strain remained until the sound of the 
second stimulus, and increased between the first and second stimulus. With 
the perception of the first stimulus there was vague visual imagery of a falling 
hammer to the left; and again a visual image of a falling hammer to the right, 
with the perception of the second stimulus. The auditory image of the first 
stimulus did not carry over to the second stimulation. The second stimulus 
was more intense, and this seemed to be in a greater degree of tension for 
the second than for the first stimulus.” 
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129. Series II. 2/10/15. 55. ‘Louder.’ “The same tensions that seemed 
to be connected with attention in the fore-period. With the first stimulus 
there was kinaesthesis in head and body (a general sort of moving forward) ; 
and a general intake of breath of which I was conscious mostly in the throat 
and diaphragm. This did not release in the interval between the first and 
second stimulus, but increased after the second stimulus. The criterion of 
judgment here seemed to be entirely kinaesthesis. After the second stimulus 
there was total release of these tensions.” 


The Comparing of Visual Brightnesses 


130. Series I. 4/21/15. 6. ‘Darker.’ “Fixation was between the left 
and right-hand stimulus, slightly toward the right-hand one. When the 
stimuli came into the field of vision I was conscious of the white between 
and a portion of the grays to the right and left of this. The judgment was 
made before the entire card came into view. No fluctuation of eye-movement, 
and the whole process was of slight duration.” 


131. Series I. 4/21/15: 5. ‘Equal.’ “In the fore-period there was pres- 
sure and strains connected with tension and with irregular breathing. Fix- 
ation was about half an inch from the left-hand end of the right stimulus, 
then travelled over the left-hand stimulus across the white space to the right- 
hand stimulus. The two central edges of the grays were the only parts that 
came into direct vision. The breathing and kinaesthetic complex continued ; 
vocal-motor ‘darker,’ ‘equal’ fluctuating a number of times, and with con- 
tinued fluctuations of eye-movements between the two grays. Then for a 
moment both the grays were in the focus of attention, and the judgment 
‘equal’ in vocal-motor terms followed immediately. With the judgment came 
relaxation and change in breathing.” 


132. Series II. 5/5/15. 2. ‘Lighter.’ “I started out with a definite 
Aufgabe to avoid eye-movements. This latter was present in vocal-motor 
terms in considerable strains about the eyes and brow. When the exposure was 
made, however, there were very slight eye-movements, but I think that the 
vocal-motor judgment ‘lighter’ came before that flicker of eye-movement, and 
when the right-hand stimulus was becoming focal the left-hand stimulus was 
also very distinct, and I was aware that they were different. This experience 
of difference in quality and degree I am unable to analyze.” 


133. Series IV. 5/19/15. 2. ‘Lighter.. “The fore-period was taken up 
with strains and inhibited breathing, and fixation of the revolving drum. 
Then the right-hand stimulus came into focus of attention, and the left-hand 
in peripheral vision. I was not conscious of eye-movement until after the 
judgment ‘lighter.’ That word came immediately upon the perception of the 
right-hand stimulus as a light gray.” 


134. Series IV. 5/19/15. 6. ‘Darker.’ “Line of regard and attention 
focused on the center of right-hand stimulus. This gray appeared intensely 
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black. The left-hand stimulus was in peripheral vision only; with conscious- 
ness of the intensity of the black of the right-hand stimulus came the vocal- 
motor image ‘darker.’ Then eye-movement to the left-hand stimulus, back 
to the right, and then relaxation.” 


Osserver T. 
The Comparing of Visual Extents 


Due to this subject’s inexperience in introspection, his individual in- 
trospections are too incomplete and too fragmentary to make it worth while 
for us to quote any, as the process was not sufficiently analyzed. 


The Comparing of Auditory Intensities 


135. Series II. 2/10/15. 60. ‘Louder.’ “With the perception of the first 
sound there was an inhalation and a holding of breath at the complete phase 
of this inhalation up to the perception of the second sound. There was then 
a deeper inhalation followed immediately by a complete exhalation. The 
judgment seemed to be merely a matter of the amount of breathing. The 
swinging of the pendulum was also imaged in terms of eye-movement.” 


136. Series III. 2/10/15. 45. ‘Softer. “The judgment this time was 
again a matter of breathing. Inhalation to a certain extent after the first 
stimulus, and an awareness of the holding of this in terms of a slight pressure 
across the chest. After the perception of the second stimulus there was a 
slight exhalation which was checked, and then complete exhalation.” 


137. Series IV. 3/17/15. 45. ‘Louder.’ “Perception of the first stimulus 
and I was aware of swaying slightly forward in my chair; at the end of this 
excursion my body became rigid and stayed in this position. This set was 
maintained up to the perception of the second stimulus. Immediately after 
this perception of the second stimulus there was very slight swaying of the 
body further than had been before. Then I was aware of strains in the vocal 
organs, nod of the head forward, and vocalization of the judgment. During 
this later period I repeated the swaying of my body for both the first and 
second stimuli as a sort of verification.” 


138. Series IV. 3/17/15. 40. ‘Softer.’ “With the perception of the first 
stimulus there was a very slight bending forward, with awareness of kinaes- 
thesis in the knee and across the abdomen. And this set was held up to the 
perception of the second stimulus. With the perception of the second stimulus 
there was a bending forward of the head and a dropping of the chin on the 
chest, and a sinking in the abdomen as if in exhalation. Perception of these 
was followed immediately by the verbalization of the judgment.” 


2. Individual Analyses or Case Studies of the Process of 
Comparing 
In the following section we shall attempt to give a description 
of the process of comparing for the different subjects and for 
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the different sorts of stimuli. This will be in the nature of a 
summary of the introspections for each group of experiments and 
for every observer. We shall consider the nature of the process 
of comparing for the different stages of practice in each case. 


OBSERVER W. 


The Comparing of Lifted Weight Stimuli 


In the early stages of practice many criteria seemed to function 
in the process of comparing for this subject. He was aware of 
pressure sensations on the fingers; of kinaesthetic sensations 
localized in the joints of the fingers, in the wrist and forearm. 
Also, at this stage of practice, a visualization of the experimental 
situation and a visual schema of the judgment seemed to be al- 
ways present. One or any combination of these criteria might 
be particularly focal in any single experience. In the early stages 
of practice, then, the images of comparison were usually complex 
with several modalities involved,—tactual, kinaesthetic and visual, 
—entering into the process, but usually with one of these more 
focal than the others. (1, 2, 3, 4, 5, 6, 7, p. 18 ff.)? 

These images frequently remained in consciousness throughout 
the period between the replacing of the first weight and the lifting 
of the second weight and apparently the judgment of difference 
was made on the basis of a perception of greater or less intensity 
of sensation than the intensity of this image. There is no 
evidence that the image and sensation were ever present simul- 
taneously in consciousness. At this early stage of practice for 
this subject a visual schema of the judgment seemed to be neces- 
sary or at least was invariably present, before the judgment was 
formulated in verbal terms. In this visual schema, the lighter 
weight was visualized as small, light in color and high from the 
table; the heavier weight was visualized as larger, darker in color 
and closer to the table. Also the rapidity of movement of the 
hand and weight and the muscles of the arm were visualized at 
this stage of practice. In this schema, the standard weight was 


1 The numbers in parenthesis refer to the arbitrary serial numbers of the 
actual introspections given earlier in the paper. The page reference for these 
particular introspections is also included in the parenthesis. 
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always visualized to the left (the direction in which it had gone 
when the table had been turned) and the comparison weight was 
always visualized to the right. At this early stage of practice the 
doubtful judgments resulted from the fact that the subject, for 
some reason, was not able to recall a clear tactual-kinaesthetic 
image of the lifting of the first weight (6, p. 20). In this case, 
there was usually an effort to recall an image of the lifting of the 
first weight, when the comparison stimulus was at the top of the 
lift and stationary, just before it was lowered. In this case only 
did the down stroke of replacing the second weight ever function . 
for this subject. Usually the sensations of lifting the second 
weight were clear and then these sensations dropped out of con- 
sciousness entirely. Judgments of true subjective equality 
occured during this early stage of practice for this subject 
(7. p. 20 f,). and seemed to be as rapidly formulated as were the 
judgments of difference. 

At a later stage of practice, it appeared as if this subject had 
singled out one single sensation from the general tactual-kinaes- 
thetic complex of the lifting of the standard stimulus, and this 
was carried over to the lifting of the second weight. This sub- 
ject would be aware of the entire complex during the actual lift- 
ing of the first weight but only the muscular sensations localized 
in the forearm remained in consciousness after the replacing of 
this weight. At the earlier stages of this later period of practice, 
this muscular residue was described as an image (8. p. 21). 
Later this muscular residue was described as a definite motor set 
or preparation for the lifting of the second weight, occasioned by 
the lifting of the first weight. This motor preparation, it turned 
out, was an actual innervation of the muscles of the forearm, and 
the subject in the later experience described it as a “tetanus 
condition” (9, IO, II, 12, p. 21 f.). The judgment was now 
formulated on the basis of a perception of the movement of the 
arm during the lifting of the second weight. The perception that 
the arm went up rapidly or higher led to a lighter judgment; the 
perception that the arm went up slower or less high led to a heav- 
ier judgment. At this stage of practice the subject did not depend 
upon a visualization of the process to such a great extent as be- 
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fore; indeed his visual schema of the judgment seldom came into 
consciousness until after the judgment had been verbalized. Very 
few doubtful judgments were given in the later experiments. 
Practically all of the equality judgments were good cases of 
real subjective equality. In the case of the equality judgments, 
there was invariably a verification of the judgment at the top of 
the lift of the second weight, when this weight was poised and not 
moving, at which time a clear kinaesthetic image of the lifting of 
the first weight, referred to the left in a visual spatial manner, 
came into consciousness for a short time (12. p. 22). At no 
time did this subject report that affective processes came into 
consciousness until after the judgment had been formulated, and 
then these affective processes seemed to refer to the ease and cer- 
tainty of the judgment. For this subject, then, the entire process 
of comparing was complete before he began to lower the com- 
parison weight to the table. 


The Comparing of Visual Extents 


For the visual comparing of lengths of lines, we find for this 
subject, in the early stages of practice, that a relatively large 
number of criteria were employed. Very infrequently he em- 
ployed visual imagery in his comparisons, although at times a 
visual image of the standard line would be in consciousness, pro- 
jected directly above the perceived comparison line. This usually 
occurred late in the formulation of the judgment and was in the 
nature of a verification process. Kinaesthetic criteria were em- 
ployed almost invariably in the judgments of this early stage. 
These were of three sorts: 1. strains of the external eye muscles 
at the moment of arriving at the end of the line after the eyes 
had moved across the stimulus; 2. judgments in terms of the 
duration of these sweeping movements; 3. strains of accommo- 
dation described by the subject as being of a circular sort localized 
definitely within the eye and referred to the lens and corneal 
region. In the early stages of practice all of these criteria might 
be employed successively in a single discrimination (13, 14, 15, 
16, 17, 18. p. 22 ff). The awareness of difference was due to a 
perception of an increase or decrease of strains of eye movement 
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as the line of regard reached the end of the second stimulus. 
At other times the subject fixated the middle of the first line and 
carried over the strains of accommodation to the second line and 
then was aware of an increase in the intensity of these strains 
or of a partial relaxation. One other criterion was used at times 
but very infrequently. This was of a more immediately per- 
ceptual sort. In this experience the subject fixated a point mid- 
way between the lines and then gradually there was a widening of 
the perceptual field until the outer ends of both lines came within 
the field of perception (18. p. 26f.). Judgments of equality at 
this stage of practice were made on the basis of the same criteria 
as were the difference judgments but the processes were usually 
longer and more intricate (16, 17, 18. p. 25 ff.). For the equality 
judgments, in the case of the use of kinaesthetic criteria, the 
judgment was in negative terms, t.e. there was “no change” in 
this motor set or preparation carried over from the first to the 
second line. This was usually followed by unpleasantness and 
a rapid perceptual alternation of the two lines and the employing 
of other criteria. It is of interest to note that this subject who 
used visual images to a very considerable extent in other sit- 
uations, did not use images of this modality except infrequently 
and then only in the nature of a verification process, in the ex- 
perimental arrangement with visual stimuli. Absolute judgments 
also played a small part in the equality judgments but again were 
in the nature of a verification process. These absolute judgments 
were made largely on the basis of the duration of the eye move- 
ments in sweeping over the lines. 

Gradually this subject came to use solely the criterion of the 
strains of accommodation in making comparisons with this sort 
of material (19, 20, 21, 22, 23, p. 27 ff.). Indeed, he came to the 
point, after considerable practice, of making a comparison judg- 
ment without ever perceiving the standard line at all. That is, the 
general experimental situation was apparently sufficient to cause 
the assumption of the strains of accommodation necessary for 
just perceiving the standard line. When the stimuli came to rest 
in the exposure field, this subject approached the comparison line 
with this motor set and the judgment of difference was at once 
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formulated on the basis of a perception of an increase or decrease 
of the intensity of these accommodation strains. This increase 
or decrease of the intensity of the strains of accommodation was 
followed by a clear visual perception of the whole of the com- 
parison line. In case, however, that this subject was not aware 
of any change in the intensity of these strains of accommodation, 
the equality judgments were not so immediate (23 p. 29.). In 
that case there was a rapid perceptual alternation between the two 
lines with the strains of accommodation more focal in conscious- 
ness than the visual perceptions themselves and the judgment 
developed more gradually. 


The Comparing of Auditory Intensities 


In the comparing of sound intensities it is of interest to note 
that, from the very beginning of experimentation with this sub- 
ject, the auditory criteria were seldom focal in consciousness. 
Auditory images of the standard stimulus were at times present 
to consciousness until the sounding of the comparison stimulus 
but not frequently (26. p. 31.). Certain auditory criteria such 
as the voluminousness of the sound sometimes stood out 
(29. p. 32 f.). In the early stages of practice a visual schema of 
the sound was very focal (24, 25, 26, 27. p. 30 ff.). This visual 
schema seemed to be a hazy line,—described as being like the 
“tail of a comet.” This line was long for the loud sounds and 
short for the soft ones. The visual schema for the standard 
sound was always localized toward the left, and that for the com- 
parison sound was localized toward the right. This visual 
schema seemed to be very important and apparently mediated in 
the formation of absolute judgments regarding the intensity of 
the stimuli. 

The principal criteria for all stages of practice, however, were 
of a kinaesthetic sort as will be seen in all of the introspections 
quoted for this subject in this experimental series. Immediately 
following the auditory perception of the standard stimulus there 
was a muscular contraction which was held over until the second 
stimulation. Following the second sound stimulus, the subject 
was aware of an increase or decrease of the intensity of these 
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strains, which lead to a judgment of difference; or of no change 
in the strain intensity which led to an equality judgment. At the 
beginning of practice these strains were very general, involving 
the eyes, face, neck, throat, shoulders, chest and abdomen and 
there were also verbal motor images of singing the tones. Grad- 
ually, as the experiment proceeded, these strains,—or at least 
those focally present to consciousness,—were of much less extent, 
involving only the neck, face and shoulders. 

Judgments of good subjective equality were given which were 
quite as immediate as the difference judgments (27, p. 32.). In 
these cases an awareness that no change had taken place seemed 
to be as immediate as the awareness of a change in the intensity 
of the strains which led to the difference judgments. Most of the 
equality judgments, however, were less immediate (28, p. 32.). 
In these cases, the first awareness that no change had taken place 
in the intensity of the strains, led to the rehabilitation of both 
experiences as a sort of a verification process. This rehabilitation 
was in imaginal terms and consisted of auditory images, kinaes- 
thetic reactions and the visual schematization. Any one of these 
three elements might be the most focal,—this varied from one 
experience to another. 


OBSERVER Fs. 
Comparing of Lifted Weight Stimuli 


In the early stages of practice, the process of comparing for 
this subject seemed to be already fairly mechanized, although 
she had had no previous training in our particular experimental 
technique. The focal processes consisted in a clear awareness of 
the kinaesthetic sensations involved in the lifting of the standard 
stimulus. ‘These were localized in the dorsal side of the hand, 
wrist and forearm. A primary image of these kinaesthetic sen- 
sations remained focally in consciousness up to the lifting of the 
comparison weight. This observer reported that this memory 
image tailed off and had to be renewed several times during this 
interval by actual innervation (30, p. 33.). The comparison 
stimulus was lifted in the presence of this image of the lifting of 
the first weight and the judgment was formulated on the basis 
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of two sorts of criteria. In some experiences, this subject might 
be aware that the sensations, localized in the arm, wrist and hand, 
were of the same or of different intensity from the image which 
had just preceded them. The introspections show that this was 
an immediate awareness (30, p. 33). In other experiences the 
subject might be aware that the hand had gone up differently in 
the second lifting,—higher and more rapidly in the case of a 
lighter judgment; more slowly and less high in the case of a 
heavier judgment. This sort of criterion seemed to be mediated 
by a visual image of the hand and of the hand movements (30, 
36, p. 34 f.). Indeed, for this observer in the early stages of prac- 
tice, there was a running accompaniment of visual images of the 
experimental situation. These, however, were usually described 
as being less focal than the kinaesthetic components (30, 31, 
p. 33). At this stage of practice the judgment was frequently 
formulated in terms of a visual image of the two weights, in 
which the lighter weight appeared less dense than the heavier 
one (31, p. 33). 

Practice made relatively little difference in the process of com- 
paring lifted weights for this subject. The kinaesthetic criteria 
already described were employed throughout the experiment. 
In other words, the comparison stimulus was always lifted in the 
presence of a kinaesthetic image of the lifting of the standard 
stimulus, refreshed from time to time by actual innervation, and 
the subject was apparently immediately aware of a change of 
intensity of sensation as compared with the image, or of a dif- 
ference in the way in which the hand moved in the case of the 
difference judgments (32, 33, 34, p. 33 f.). In the case of the 
equality judgments, the process was the same, and the subject 
merely noted that there was no difference between the image and 
the subsequent sensation (35, 36, p. 34 f.). This might either be 
a positive sort of judgment, that the sensations of the lifting of 
the comparison stimulus “duplicated” the image of the lifting of 
the standard just preceding (35, p. 34.) ; or it might be a negative 
judgment of “no difference” between the intensities of the sensa- 
tion and the image (36, p. 34 f.). In the case of the positive type 
of experience, the judgment was usually vocalized at once. In 
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the case of the negative judgment, however, there was usually a 
verification process in visual imaginal terms. The “no difference” 
type of judgment was given with as high a degree of subjective 
assurance as was the judgment of positive equality. 

With increased practice we do note a tendency for the visualiza- 
tion of the entire process to become less focal and eventually to 
drop out entirely. Also the vocalization of the judgment becomes 
exceedingly automatic for this subject. Absolute judgments were 
sometimes made, always in terms of the absolute intensity of the 
sensations of a kinaesthetic sort used in the lifting (33, p. 33 f.). 


The Comparing of Visual Extents 


This observer, in the early stages of practice, made her initial 
judgments in terms of eye-movements across the lines (37, 38, 
39, p. 35 f.). In this experience the line of regard moved across 
the standard stimulus, more rapidly across the middle of the line 
than at either end. Then there was a similar movement across 
the comparison line. At the end of this eye-movement across the 
comparison line, this observer would find herself fixating either: 
1. the exact end of this line (39, p. 35 f.) which would lead to a 
judgment of equality; 2. a portion of the line near its end (38, 
p. 35), which would lead to a judgment of greater; or 3. a por- 
tion of the white card beyond the line (37, p. 37), which would 
lead to a judgment of shorter. The visual perception of this 
portion of the line or of the card would stand out very clearly and 
focally in consciousness.* Certain absolute judgments were 
made, usually on the basis of the duration of the movement of 
the eyes across the line (38, p. 35). 

Later Fs’ method of comparing changed considerably with 
practice. She later reported (40, 41, 42, 43, 44, p. 36 f.) that her 
method was to fixate the middle of the standard line “which then 


1 This subject was of a highly visual type in the usual situations. It is 
natural then, that the visual perceptions were reported as being more focal 
than the kinaesthetic factors. Indeed, toward the end of this set of ex- 
periments, we found that this subject had never had a clear and focal aware- 
ness of the sensations of changes of visual accommodation. This was de- 
termined when we had her perform the classic experiment of fixating one 
eye in a mirror and then bringing this rapidly toward her. 
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stood out as a whole” in visual perceptual terms, and then rapidly 
shift the fixation to the middle of the comparison line “which 
then stood out clearly in visual perceptual fashion as a whole.”’ 
At this stage she frequently used such expressions as “the lines 
stood out as equal”’ or “the right hand line stood out as shorter.” 
The vocalization was very automatic in the later stages of prac- 
tice and indeed this subject reported that she was aware of the 
beginning of the formation of the vocal organs to verbalize the 
judgment immediately upon the perception of the comparison 
line (43, p. 36f.). Later, after we had demonstrated the sen- 
sations of accommodation to Fs., she gave evidence that these 
were factors in her process of comparing, although the visual per- 
ception of the line was always the more focal (44, p. 37.). Judg- 
ments of equality were usually followed by an alternating per- 
ception of the two lines, a process which might continue through- 
out the entire period of the exposure (41, p. 36.). 


The Comparing of Auditory Intensities 


There were three general types of process in this observer’s 
comparing of auditory intensities. The first of these consisted 
largely in an auditory analysis of the two tones (47, p. 38 f.). For 
example, the perception of one tone would be accompanied by a 
“jangling’”’ which would not be present for the other stimulus; 
and the tone in which this jangling or ringing was noticed would 
be judged the louder. This subject was unable to analyse whether 
this jangling was a purely auditory factor or whether it involved 
kinaesthesis within the ear as well. She rather inclined toward 
the more complex concept of both kinaesthetic and auditory 
factors. 

Another usual type of process consisted in an auditory image 
of the first tone remaining in consciousness until the perception of 
the second tone. This auditory image was frequently accompanied 
by a vocal motor image or at times an actual vocal motor set. 
The judgment was formulated in terms of an immediate aware- 
ness of change in tone or change in vocal motor set (45, 46, 48, 
49, p. 37 ff.). Another type of processes consisted frequently in 
a kinaesthetic reaction to the first stimulus which consisted in a 
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muscular contraction particularly about the eyes and face. This 
would be held over until the perception of the second tone, and 
the subject reported that she was then aware of an increase or 
decrease in the intensity of these strains of the “cringe” follow- 
ing the second stimulus (46, 48, p. 38 f.). Very frequently several 
or all of these factors were present in the same experience with, 
at the different times, one or another of these being the more 
focal. Fs. also reported a visualization of the entire process 
(45, 48, 49, p. 37 ff.), which frequently developed into a visual 
schema of two gray spots representing the sounds,—that spot 
which stood out most clearly in the visual image representing the 
louder sound. The equality judgments were usually followed by 
a verification process in which the entire experiences,—auditory, 
vocal motor of humming and kinaesthetic cringe,—were re- 
habilitated (49, p. 39 f.). 

Practice seemed to have little effect upon the process of com- 
paring for this subject in this experimental series. There was a 
slight tendency for the visualization of the experimental situation 
to drop out and also there was a tendency for the kinaesthetic 
factors to become more focal at the expense of the auditory 
factors but neither of these tendencies were very marked. 


The Comparing of Visual Brightnesses 


The process of comparing greys for this observer was exceed- 
ingly mechanized from the beginning of the experimental series 
and did not change materially as a result of the practice which 
this subject obtained during experimentation. From the point 
of view of the perception of the stimuli, the following eye-move- 
ments were noted with entire regularity. Fs., in the fore-period, 
would fixate a point below where the stimuli would come to rest. 
When she was aware, in indirect vision that the stimuli were at 
rest in the aperture, she would then rapidly move the eyes upward 
and slightly to the left, then slightly toward the right and then 
downward to the original point of fixation (50, 51, 52, p. 40 f.). 
These eye-movements were very rapid but they were present in 
consciousness in terms of a change in the visual perceptual field 
rather than as kinaesthetic sensations. As a result of this pro- 
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cedure, this subject had a rapid successive visual perception of 
the central part only of the standard and comparison stimuli. 
The comparison stimulus was always slightly more clearly per- 
ceived than the standard. Then the subject merely reported a 
vocalization of the judgment. 


OBSERVER O. 
The Comparing of Visual Extents 


This subject, throughout the experiment, always perceived the 
comparison line first and, after an examination of this line, he 
turned to the standard. MHis process, which was exceedingly 
simple from the start, changed particularly not at all as a result 
of the practice which he obtained during the experimentation. 

O’s judgments were always made in terms of kinaesthesis of 
eye-movements (53, 54, 55, 56, 57, 58, p. 41 ff.). There would be 
eye-movements usually back and forth over the comparison line 
with the strains in the eye muscles at the end of the excursion as 
the most focal thing in consciousness. The visual perception of 
the line was always relatively focal, however. Then there was a 
change of fixation to the standard line. It later turned out that 
this change of fixation actually involved head movement (57, 58, 
p. 42f.). Then there was a visual perception of this line with 
focal awareness of the kinaesthesis of eye-movement, present to 
consciousness in the muscular sensations aroused in the external 
eye muscles. The subject reported a “hitch” in this movement at 
a certain point and then he found that he was clearly perceiving 
a point either on the line, at the end of the line or beyond the 
line. The first and last of these situations led to a difference judg- 
ment, while the other led to a judgment of equality. In the case 
of a judgment of equality (55, 58, p. 42 f.) unpleasantness was in- 
variably present to consciousness with an increase of general 
bodily strains and a continuation of the process of comparing 
until the end of the exposure. At one time during the course of 
experimentation, the subject set himself the conscious Aufgabe of 
spending most of the time in the examination of the comparison 
line and then making one rapid glance at the standard (57, p. 
42 f.). This procedure was soon abandoned. 
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The Comparing of Sound Intensities 


The process of comparing sound intensities for this subject was 
again very similar for all stages of practice. The process started 
with the auditory perception of the standard sound which was 
followed at once by a focal kinaesthetic reaction of the subject 
singing the sound. There were also other kinaesthetic reactions 
to the first stimulus such as closure of the eyes (64, p. 45.) ; move- 
ment of the head forward (59, 63, p. 43 f.) ; kinaesthesis on neck 
and shoulders and other parts of the body (59, 60, 64, p. 43 ff.). 
These sensations were usually less clear than the vocal-motor re- 
action. There was also an auditory image of the first tone which 
was described as remaining at the same intensity as the standard 
stimulus but losing in voluminousness (62, p. 44.). This auditory 
image and the entire vocal-motor and kinaesthetic set, which latter 
was always the more focal, remained in consciousness without in- 
terruption up to the perception of the comparison stimulus. This 
second sound was perceived clearly but was only of short duration. 
then the subject was aware of one of three things: 1. a relax- 
ation in the vocal-motor and body strains which led to a judg- 
ment of softer; 2. an increase in the intensity of these strains 
which led to a judgment of louder; or 3. no change in the in- 
tensity of these strains which led to an equality judgment. In- 
frequently (59, p. 43 f.) in the case of the equality judgments, the 
auditory perception was noted as “fitting into the image.” For 
the difference judgments, however, this subject did not speak of 
the auditory image of the standard stimulus, except that it ap- 
peared non-focally. The relaxations and increases in muscular 
tensions were all that he reported in these cases after the percep- 
tion of the comparison stimulus. There did not seem to be any 
difference for O. in the immediacy of the equality and difference 
judgments. He, apparently, perceived “no change” in the kin- 
aesthetic set as immediately as he perceived a change in either 
direction. In other words, there was no verification process for 
the equality judgments and the perception of “no change’ was 
made with as high a degree of subjective assurance as was the 
perception of change in the kinaesthetic set. 
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The Comparing of Visual Brightnesses 


In the early stages of practice, this observer reported first a 
fixation and clear perception of the standard stimulus with the 
comparison stimulus seen in peripheral vision (65, 66, p. 45.). 
In spite of the fact that the comparison gray was present in 
peripheral vision, this subject made an absolute judgment upon 
it, which was apparently an immediate perceptual process plus in- 
variably a vocal-motor image of the words “light” or “dark’’ as 
the case might be. Then there was a clear perception of the com- 
parison gray of short duration which was followed by the vocali- 
zation of the judgment. At times a verification process of reper- 
ceiving the standard gray occurred. 

Very soon, however, O’s procedure changed and he at once 
fixated the comparison gray (67, 68, 69, 70, p. 45 f.). In the case 
of a difference judgment he made merely an absolute judgment of 
the brightness of the comparison stimulus, apparently an im- 
mediate perceptual experience plus the vocal motor image of the 
word. At times (67, 69, p. 45 f.) the standard gray would then be 
clearly perceived as a verification process. At other times (68, 
p. 46) relaxation and a turning from the problem would follow 
this absolute judgment. The equality judgments started in the 
same way (70, p. 46) but there was always an alternation and 
rapid successive perception of the two grays several times before 


the process was ended. 


OBSERVER S. 
The Comparing of Visual E-xtents 


This subject employed a great number of factors in his judg- 
ment of visual lengths. It is interesting to note that two or more 
of his different methods of comparing seldom appeared in any 
single experience. Each experience, in other words, employed 
only one method of comparing; while the particular methods em- 
ployed show a great deal of variation. 

In a number of cases visual comparisons were made. In some 
experiences a visual image of a short perpendicular line would be 
projected toward the end of the longer stimulus, marking off the 
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length which corresponded to the shorter stimulus line (71, p. 
46 f.). At other times a visual image of the standard line would 
be superimposed upon the comparison line and would extend be- 
yond the end, up to the end or fail to reach the end of this line 
(77, p. 48.). . Muscular factors were frequently involved and 
these were of various sorts. There would be eye-movements 
across the standard and comparison lines with the strains at the 
moment of stopping the movement at the end of the line standing 
out with great clearness, and the judgment was made in terms of 
a perception of ‘the intensity of these strains (72, p. 47). An- 
other form of process was to fixate between the lines and have a 
perception of strain in one or the other side of the body, which 
was always the side toward the longer line (73, p. 47). S. never 
properly analysed this experience and the actual process remains 
more or less of a mystery. Another most ingenious kinaesthetic 
method of comparing the lines was carried on in terms of man- 
ual motor imagery. The observer had a manual-motor image of 
‘““compassing”’ one line with thumb and forefinger. This was 
then carried over in terms of a motor set and the other line was 
similarly “measured” and judgment given (71, 78, p. 46 ff.). In 
the cases where this procedure was employed the sensations of 
strain in the hand were reported as being more focal than the 
visual perception of the line. 

Judgments of a more or less absolute nature were frequent 
for this observer, particularly in the later experiences. Indeed, the 
fact that the absolute judgments became relatively more frequent 
seems to be one of the few effects of practice for this subject. 
An absolute judgment of length, which was described as an im- 
mediate perceptual process by this subject, was almost always 
accompanied by a curious visual perceptual illusion of the thick- 
ness and blackness of the line. The long lines were described as 
appearing thin and the short lines as thick and black (74, 75, 76, 
p. 47 f.). Another effect of practice was that S. came to the point 
of making his judgment immediately upon a perception of the 
comparison line, which was judged in absolute terms (74, 75, 
p. 47 f.). It afterward turned out (75, 76, p. 47 f.) that one fac- 
tor in this absolute judgment of the comparison line was the hold- 
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ing over of a muscular set, variously described as localized in the 
arms, neck and eyes, of the length of the comparison line of the 
pair before. One result of this was a frequent anticipation of 
the judgment before the pair was exposed. This anticipation was 
almost invariably in terms of a visual image of a pair of lines 
having the spatial relations of the form of the anticipated judg- 
ment (76, p. 48). In all of these processes, indeed for every ex- 
perience for this observer, there was a verification process which 
consisted of a repetition of the same process employed, if the 
standard line had been first perceived. If, however, a judgment 
had been made after a mere perception of the comparison line, 
the verification process might only consist of a subsequent clear 
perception of the standard stimulus. The only difference which 
we can find between the nature of the processes which led to the 
difference or equality judgments is that in the latter case this 
verification of the judgments was repeated more frequently and 
was of greater duration. 


The Comparing of Auditory Intensities 


This subject gave introspective descriptions of his process of 
comparing stimuli of this modality, which in their essential feat- 
ures showed monotonous similarity. There was usually, in the 
fore-period, an anticipation of the experimental situation in visual, 
auditory and kinaesthetic imaginal terms (79, 81, p. 49 f.). Then 
this observer would be focally conscious for a short time of an 
auditory perception of the standard stimulus. This was followed 
rapidly by a focal kinaesthetic reaction, localized in the eyes, neck 
and shoulders, which consisted in a muscular strain or tension 
(79, 80, 81, p. 49 f.). This muscular set remained uninterruptedly 
and with the same intensity up to the perception of the comparison 
stimulus. In some cases an auditory image of the first stimulus 
would come in during this interval but it was usually intermittent 
and never focal (79, p. 49). The comparison stimulus was then 
perceived in an auditory fashion for a short time. But an aware- 
ness of the muscular strains rapidly became focal and the subject 
was focally aware either of an increase or decrease of intensity, 
or that the strains had remained the same. In the former cases 








AN ANALYSIS OF THE PROCESS OF COMPARING 79 


(increase or decrease) the difference judgments were formulated. 
In the latter cases the equality judgment was given. In the case 
of the equality judgments there was always a verification process 
in which the entire experience was rehabilitated,—the auditory 
images of the standard and comparison stimuli followed one 
another in rapid succession and each accompanied by its muscular 
reaction. The subject was most focally aware, in this repetition, 
that the muscular contraction was merely persisting. “I simply 
retained the muscular set” and “when I got through I was simply 
aware of this muscular tension” were frequent expressions (80, 
81, p. 49 f). Such judgments were always accompanied by un- 
pleasantness. At times this observer would have a visual schema 
of the process after the judgment had been formulated. There 
was no apparent effects of practice. 


OssERVER C. 
The Comparing of Visual Extents 


The process of comparing for this subject was always carried 
on in terms of motor criteria for stimuli of this modality. We 
are unable to find a single introspection for this observer in which 
a kinaesthetic criterion was not employed. These kinaesthetic 
criteria were of two general sorts: 1. The subject would be 
aware of eye-movements across the standard line with a focal 
awareness of the intensity of the strains at the end of the move- 
ment. Then there would be eye-movements across the comparison 
line and the subject, on arriving at the end of this line, would 
either be aware of an increase in these strains, of a decrease, or 
he would be aware that no change had taken place in the intensity 
of the strains (82, 83, 84, 86, p. so f.). Another form of process 
was to have the eye-movement over the comparison line of the 
same extent as that across the standard line, with an awareness 
of this in terms of strain in the external eye muscles. At the end 
of such a movement across the comparison line, the subject would 
find that he was fixating either a point on the line, the end of 
the line, or a part of the white card beyond the line. 2. The other 
general form of criterion was in terms of kinaesthesis of accom- 
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modation. In this procedure the subject perceived the standard 
line as a whole with the kinaesthesis of accommodation more 
local than the actual visual perception. This kinaesthetic ex- 
perience was held over in an actual motor set and the com- 
parison line was perceived in the presence of this set. Again, in 
the perception of the comparison line, the visual perception was 
less focal than the kinaesthetic awareness of an increase or de- 
crease or no change in the intensity of the strains of accommoda- 
tion. These strains were localized in the interior of the eye, in 
the region of the lens and cornea (83, 84, 85, 87, 88, p. 50 ff.). In 
the early stages of practice both criteria of eye-movement and of 
accommodation might be used successively in a single experience 
83, p. 50.). With practice, however, there was a general tendency 
to use the accommodation type of process more frequently, and 
in still later practice, the accommodation strains were carried 
over from the pair of lines exposed before and the subject re- 
ported never clearly perceiving the standard line of the next pair. 
At this stage of practice, a mere glance at the standard line 
seemed to be sufficient to produce the proper amount of strain in 
the muscles of accommodation (88, p. 52.). In the case of the 
equality judgments the process was repeated a number of times 
and the judgment was made on the basis of an awareness on the 
part of the subject that “on neither line did the strain let up” 
(85, p. 51). The fact that, in the equality judgment, the observer 
had this repetition of the process, while in the perception of dif- 
ference the process ended at once, was apparently the only dis- 
tinguishing mark between these two types of judgment. 


The Comparing of Auditory Intensities 


In the early stages of practice the comparing of sound inten- 
sities for this observer was usually carried on in auditory terms. 
In the fore-period this subject frequently anticipated the ex- 
perimental situation usually in visual and auditory imaginal terms 
(89, 90, 91, p. 52 f.). In the later experiences these anticipatory 
images were not reported. The process in the early stages of 
practice consisted in a focal perception of the standard stimulus 
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which was usually described as having great duration. Then 
an auditory image of the same degree of intensity would be pres- 
ent in the interval between the two stimuli. This auditory image 
of the standard stimulus might persist continuously and without 
fluctuation of intensity or clearness throughout the entire interval 
(89, p. 52.), or it might be of a recurrent character (90, p. 52). 
The second stimulus was perceived in the presence of this 
auditory image of the norm and apparently the judgment of 
difference or of similarity in intensity was an immediate per- 
ceptual experience. An auditory image of the standard stimulus 
might come in again as a verification process and was always 
localized toward the left in a visual spatial manner (90, p. 52). 

Very soon, however, this subject employed a kinaesthetic 
criterion in his comparing of sound intensities. This was de- 
scribed variously as a kinaesthetic “quiver” about the ears (91, 
p. 52 f.) or a muscular adjustment about the ears and face (92, 93, 
p. 53). This muscular reaction immediately followed the per- 
ception of the first sound and at once became focal in conscious- 
ness. This muscular contraction persisted as a set up to the 
sounding of the second stimulus without change in intensity. 
Then there was a brief auditory perception of the comparison 
stimulus. This was of very short duration, however, and the 
observer reported that very soon he would be aware, focally, of 
the muscular contractions; and he would be conscious, apparently 
in an immediate manner, that these strains were continuing or that 
an increase or a partial relaxation was taking place. At a still 
later stage of practice, the assumption of this muscular set follow- 
ing the perception of the standard stimulus apparently sank to 
the physiological level. At this stage of practice, C. was merely 
aware of an auditory perception of the first stimulus, then of an 
interval reported as unfilled, then of a brief auditory perception 
of the comparison stimulus. He would then, for the first 
time, become focally aware of the muscular strains and would be 
conscious of a decrease, increase or continuation of their intensity 
(94, p. 53). We are unable to find any differentiating criteria 
in the process which led to an equality or difference judgment. 
The difference judgments were perhaps given, to a slight degree, 
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more readily. The equality judgments might be followed by a 
verification process in which there would be present, in rapid 
succession, auditory images of the first and second stimuli, local- 
ized to the left and right respectively in a visual spatial manner 
(QI, p. 52f.). At other times such verification was not present 
(92, p. 53). In the cases in which an equality judgment was 
given without a verification process, there was always a pause 
with an awareness of non-focal strains and unpleasantness before 
the judgment was vocalized (92, p. 53). 


The Comparing of Visual Brightnesses 


In the early stages of practice, the processes of comparing 
grays were af times a mere perceptual affair. In this type of 
process C. would either fixate between the two stimuli and 
perceive both simultaneously in peripheral vision (95, p. 53); or 
he would perceive one stimulus in foveal vision and the other in 
peripheral vision (96, p. 53 f.). In such cases the process seemed 
to be an immediate perceptual experience. More frequently in the 
early stages and exclusively in the later stages of practice, the 
process merely consisted in the formation of an absolute judg- 
ment of the two stimuli successively or of the comparison stimulus 
alone. This absolute judgment seemed to be an immediate per- 
ception but, in the case of this subject, it was always accompanied 
or immediately followed by a verbal-motor-auditory image of 
naming the brightness. In the early stages of practice, this pro- 
cess was followed by relaxation of the general muscular tensions 
but then the subject perceived the two stimuli alternately several 
times as a verification process (97, p. 54). With a little more 
practice the perception of the standard stimulus was of very short 
duration and the subject reported a mere “glance at it as if the 
eyes were already moving toward the right hand stimulus” 
(98, p. 54.). Ata later stage of practice, the comparison stimulus 
was first perceived and absolute judgment of its brightness was 
at once vocalized although later the subject might perceive the 
standard stimulus for a short time (99, 100, p. 54). There were 
very few equality judgments given by C. in this series. These 
few judgments were characterized by great uncertainty and in- 
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tensive bodily strains and frequently by unpleasantness. There 
was also in the cases of the equality judgments, an alternation of 
perception of the two stimuli mixed with the process of perceiv- 
ing the two together which lasted for the entire time of the ex- 


posure (96, p. 53 f.). 
OBSERVER Wd. 
The Comparing of Lifted Weight Stimuli 


In the early stages of practice the process of comparing for the 
subject was based almost solely upon kinaesthetic factors. With 
the lifting of the first weight the observer was focally aware of 
kinaesthetic sensations in the wrist, and less focally of similar 
sensations in the back of the hand and in the forearm (101, 
102, 103, p. 54 f.). At times there was a non-focal visual image 
of the lifting movements (101, p. 54 f.). Wd. also frequently 
made an absolute judgment of the first stimulus, apparently im- 
mediately in terms of an awareness of the intensity of the sen- 
sations involved in the lifting (103, p. 55).. In these cases there 
was a vocal-motor image of the absolute judgment and also a 
vocal-motor anticipation of the intensity of the comparison 
stimulus with manual motor reference toward the right. The 
interval between the lifting of the standard and comparison 
stimuli was filled with a kinaesthetic image of the lifting of the 
standard stimulus. The comparison weight was lifted in the 
presence of this image and an immediate awareness of greater, 
same or less intensity of kinaesthesis was made. Then there was 
frequently a non-focal visual imaginal schema with the standard 
weight always to the left and the comparison stimulus to the 
right. In this schema the lighter weight appeared as smaller and 
lighter in color than the heavier one (102, p. 55.). At this stage 
of practice Wd. frequently called up a kinaesthetic image of the 
lifting of the standard stimulus when the comparison stimulus 
was at the top of the lift and stationary, as sort of a verification 
process. This most frequently occured in the case of the equality 
judgments. These equality judgments were usually accompanied 
by an awareness of intensive general bodily strains and unpleas- 


antness. 
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Soon, however, this observer reported that she believed that the 
process which held over from the lifting of the first stimulus to 
the lifting of the comparison weight was really an innervated 
muscular strain or set and not a true image. The process up to the 
lifting of the second stimulus was reported as remaining approxi- 
mately the same. Wd. had the awareness of the kinaesthesis of 
lifting the standard stimulus, localized in hand, wrist and fore- 
arm with the wrist most focal, and then the holding of this in an 
actual set up to the lifting of the comparison stimulus. Again 
many judgments were made on the basis of an immediate aware- 
ness that the intensity of the set had increased or decreased or 
that it had remained the same (104, 105, 106, 107, p. 55 f.). Also 
other factors now entered into the process of comparing; for ex- 
ample, the subject reported that the set was not sufficient to lift 
the comparison weight from the table (104, p. 55 f.). Or again, 
she reported an awareness of variations in the speed or height of 
lifting the two weights (105, 107, p. 56). 

As practice proceeded the presence of an absolute judgment of 
the intensity of the sensations required to lift the weights became 
more frequent, until in time it was a universal feature of all of 
the experiences. An absolute judgment of the intensity of the 
sensations for lifting the standard stimulus was frequently fol- 
lowed by an anticipatory judgment, in vocal-motor terms in the 
way that we have described before, regarding the second weight 
(105, p. 56). This anticipation was not always present however 
(106, 107, p. 56). The absolute judgment of the intensity of sen- 
sations used in the lifting was always mediated, or at least accom- 
panied by vocal-motor-auditory imagery of naming it. In time this 
developed into a well defined verbal schema of seven categories. 
These were grouped about an average intensity with three 
categories on each side of the average (106, p. 56). Hence in 
the later stages of practice, the process for this observer consisted 
in either the awareness of a change or no change in the motor set 
carried over from the lifting of the standard to the comparison 
stimulus, plus the judging of the intensity of the sensations in- 
volved in the lifting of each weight in absolute terms, in accord- 
ance with this verbal schema of seven categories. 
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OBSERVER F. 
The Comparing of Lifted Weight Stimult 


The process of comparing the intensities of lifted weights was 
exceedingly simple and relatively uniform for this observer. In 
the early stages he reported that each stimulus was grasped with 
just sufficient strength to keep it from slipping out of the fingers. 
The observer was then aware focally of a tactual sensation on the 
ends of the fingers, with that on the end of the third finger most 
focal. A true tactual image of the lifting of the first stimulus was 
held over in consciousness up to the lifting of the comparison 
weight. The subject then reported that an immediate judgment 
was made between the intensities of the tactual image of the 
lifting of the first weight and the actual tactual sensations in- 
volved in the lifting of the second weight (108, 109, 110, III, 
112, 113, p. 57 f.). Also an absolute judgment would be made 
regarding the intensity of each stimulus. This absolute judg- 
ment was described as a mere verbal characterization of the im- 
mediately perceived intensity of the tactual sensations, with also 
a visualization of the weight (109, III, p. 51). It later turned 
out, when we were nearly halfway through the experimental 
series, that this observer had been employing a well defined visual 
schema of three categories of increasing and decreasing intensity 
on each side of a medium intensity (112, p. 57 f.). Later (113, 
p. 58) we obtained a description of this visual schema which con- 
sisted in a visual image of seven vague grey spots,—that spot 
representing the medium intensity being directly in front of the 
observer with those representing the lighter intensities to the left 
and the heavier to the right. There was imagery of fixation of 
one or another of the parts of the schema corresponding to the 
intensity of the tactual sensations and this part of the schema then 
appeared to be more clear than the rest of the spots. This sort 
of process was frequently accompanied by a verbal characteriza- 
tion which immediately followed the tactual perception. As prac- 
tice proceeded more emphasis was laid upon this visual schema but 
this subject never reported a mere judging in absolute terms; as 
the tactual image of the lifting of the standard stimulus was 











‘ 
at | 
AN 





86 SAMUEL W. FERNBERGER 


always carried over to the lifting of the comparison weight. 
There was no apparent difference in the type of process which 
led to a difference or to an equality judgment. 


OBSERVER P. 
The Comparing of Lifted Weight Stimult 


The process of comparing lifted weights remained practically 
unchanged for all stages of practice for this subject. Kinaes- 
thetic and tactual experiences were reported solely as the criteria 
for the comparison. The tactual sensations on the ends of the 
fingers never occurred alone in consciousness but were always 
in connection with the kinaesthetic sensations of the lifting (115, 
p. 58.). After a short period of practice this subject ceased to re- 
port tactual sensations at all. Indeed he reported (116, p. 58 f.) 
that the tactual sensations were no longer a variable factor as 
each weight was grasped with the same force. The kinaesthetic 
sensations were reported as being localized in the hand, wrist 
and forearm (114, 115, 116, 117, 118, 119, p. 58 f.), and each of 
these parts might at times be more focal than the others. After 
practice there was a tendency for the muscular sensations in the 
forearm to be the more focal. The process, as described, con- 
sisted in a tactual and kinaesthetic awareness of the lifting of the 
first weight. An image of this was held over until the comparison 
stimulus was lifted and the subject was then aware of the in- 
tensity of the sensations for the lifting of this weight; and a direct 
comparison was made between the intensity of these sensations 
and the intensity of the image of the lifting of the standard 
stimulus which had just preceded (114, 115, 116, 118, I19, p. 
58 f.). At other times the subject reported being aware that the 
comparison stimulus, lifted in the presence of this image, was 
lifted more or less rapidly (115, 117, 118, p. 58 f.). This subject 
frequently spoke of lfting the two stimuli “with a certain swing” 
or force (116, 117, 118, p. 58 f.). Absolute judgments were not 
frequently present and were apparently immediate awarenesses of 
tactual and kinaesthetic intensity (115, p. 58). The processes of 
comparing which led to the equality judgments was quite as rapid 







































as those which led to judgments of difference. This observer re- 
ported that the equality judgments were formulated on the basis 
of an ability to discover a difference between the intensity of the 
sensations of lifting the second stimulus and the image of the 
lifting of the standard; or an inability to discover any difference 
in the rate of lifting. This observer reported (119, p. 59) that 
he had definitely adopted an attitude of looking for a difference 
and his inability to discover a difference was always accompanied 
by unpleasantness. 


OBSERVER B. 


It will be remembered that Observer B. was not so highly 
trained in introspection as were the other subjects whose processes 
we have discussed up to this time. Indeed, we employed B, as 
a subject more for the training which she would obtain rather 
than for the insight into our problem which we hoped to obtain 
from her. Her introspections are by no means complete analyses 
and descriptions of her mental processes but still they are capable 
of giving some idea of what went on in this observer’s conscious- 


ness. 
The Comparing of Visual Extents 


In the early stages of practice this subject reported an aware- 
ness of eye-movement across the standard and then across the 
comparison line. After the second line had been perceived, a 
visual image of the standard line was usually present in con- 
sciousness (120, 122, 123, 124, p. 59 ff.). This visual image was 
projected just above the comparison line with the left end of the 
image and the actual line in the same positions. The observer 
was then aware that the right end of the visual image extended 
exactly as far as the end of the comparison line, further, or not 
so far. The image of the standard line and the perception of 
the comparison line were in consciousness simultaneously and the 
judgment in verbal terms followed immediately. 

Even in the earlier experiences, however, this subject noted 
kinaesthetic processes. She was aware of eye-movements across 
the lines and spoke of a comparison of kinaesthetic images which 
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she was unable to describe (120, p. 59 f.). In the later experiences 
this observer reported a “hitch” in the eye-movement as she was 
examining the comparison line and, for the longer lines, the eye- 
movement halted before the right end of the comparison line had 
been reached (124, 125, p. 6o0f.). 

When a visual image was employed, the equality judgments 
were as rapid and apparently as immediate as were the difference 
judgments (122, 123, p. 60). If the process did not consist of 
the employment of a visual image of the standard line, there re- 
sulted a more or less lengthy process with verification, strains 
and always unpleasantness (121, p. 60). 


The Comparing of Audttory Intensities 

This subject at times reported a vague visual image of the 
experimental situation connected with the perception of the two 
stimuli (128, p. 61). She also at times reported an auditory 
image of the standard stimulus, but this invariably tailed off and 
had practically disappeared before the sounding of the comparison 
stimulus (126, p. 61). For most of the experiences no auditory 
image of the first stimulus was reported and, at times indeed, this 
observer stated with a great deal of assurance that no auditory 
image was present (128, p. 61). In every experience a muscular 
reaction was noted as being present in consciousness immediately 
after the perception of the standard stimulus (126, 127, 128, 129, 
p. 61 f.). This was invariably localized in the mouth, tongue, head 
and body. A similar reaction of a kinaesthetic sort was noted 
after the perception of the comparison stimulus and an awareness 
of the degree of tension was the basis for the judgment. Later 
this subject reported that the tensions of this first reaction car- 
ried over to the second stimulus and that there was then an im- 
mediate perceptual awareness that the intensity of these kinaes- 
thetic strains had increased, decreased or had not changed 


(129, p. 62). 


The Comparing of Visual Brightnesses 
In the early stages of practice this observer showed a very 
simple sort of process for the comparing of visual brightnesses. 
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The process was a purely perceptual affair as far as we can de- 
termine from the observations reported. The fixation was on the 
card between the two stimuli and the inner edges of both the 
standard and comparison grays were perceived simultaneously. 
The judgment was given at once and this was usually followed 
by rapid eye-movements and a hasty perception of the two stimuli 
separately (130, 131, 132, p. 62). If no judgment was for- 
mulated on the basis of the perception of the two stimuli simul- 
taneously, there was usually a rapid perceptual alternation of 
them a number of times and this was usually followed by a return 
of fixation between them and a perception of the two simultane- 
ously. Such processes were usually accompanied by a great deal 
of verbal-motor characterization and usually led to an equality 
judgment (131, p. 62). 

Later, as a result of practice, the process changed. There was 
now a focal perception of the comparison gray with the standard 
gray perceived more or less clearly in peripheral vision and the 
process seemed to consist merely in the immediate formulation of 
an absolute judgment regarding the brightness of the comparison 
gray (133, 134, p. 62 f.). This was frequently followed by a per- 
ception of the standard stimulus as a sort of verification process. 


OBSERVER 7. 


It will be remembered that Observer T. was not so highly 
trained in introspection as were the other subjects whose processes 
we have discussed with the exception of the other relatively un- 
trained Observer B. We employed 7. as a subject for the same 
reasons for which we employed B.,—namely, for the practice in 
introspection which he would obtain during the experimentation 
rather than for any insight into our problem which we hoped to 
obtain from him. This observer’s introspections were by no 
means complete descriptions of his mental processes. Indeed his 
introspective descriptions of the process of comparing visual ex- 
tents were so incomplete that we have eliminated a discussion of 
them from this account of our experiment. Observer T. did, 
however, on the basis of more training, give a reasonably ade- 
quate report of his mental processes in the comparing of sound 
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intensities, although we believe that these are still very incom- 
plete descriptions of his mental processes. 


The Comparing of Auditory Intensities 


At no time during the experimentation did this observer re- 
port the presence of an auditory image in consciousness. In the 
early stages he reported that he was aware of an inhalation im- 
mediately following his perception of the standard stimulus which 
was held until the perception of the comparison stimulus. Im- 
mediately following the perception of the comparison stimulus 
he was aware of a further inhalation, of an exhalation or of a 
mere continuation without change, which led to the formulation 
of judgments of the three different categories respectively of 
greater, less and equal. These changes of degree of inhalation 
were reported to have been in consciousness in terms of pressure 
sensations in the chest (135, 136, p. 63). As experimentation 
continued this breathing criterion was replaced by one of a more 
purely kinaesthetic sort (137, 138, p. 63). The subject now re- 
ported an awareness of kinaesthetic strains, localized in the body, 
neck and head, immediately following his perception of the stand- 
ard sound. These strains were then held in a definite muscular 
set up to the perception of the second sound. With the perception 
of the comparison stimulus, the subject was aware, apparently in 
immediate terms, of an increase, decrease or of no change in this 
muscular set. Verification processes occurred at times and these 
always consisted in a rehabilitation of the two strained conditions 
without, apparently, any mediating auditory imagery (137, 
p. 63). Very few equality judgments were given by this ob- 
server in the auditory series of experiments. 


3. The Structural Components of Comparing 


In the preceding section we have given outline summaries of 
the process of comparing for each of our experimental arrange- 
ments and for each of our subjects. Various stages in the me- 
chanization of the process were noted. A study of these sum- 
maries indicates the fact that the structural basis of this process 
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rests upon the three widely accepted mental elements—sensation, 
image and affection. Of these the affective element may be dis- 
missed at the outset. Affection never seemed to be an essential 
part of the process of comparing. Some affective processes were 
reported rather infrequently, but almost invariably when they 
were present they came into consciousness after the judgment had 
been formulated and seemed to be closely related, if not an in- 
tegral part of the certainty or uncertainty, the ease or difficulty, 
of the formation of the judgment. 

With regard to the other structural components of_the process 
of comparing there seems to be a difference in the quality and 
complexity of these processes at the different stages of practice. 
Certain generalizations can be made which seem to be true for 
all of our subjects and for all modalities of stimulation which we 
employed. The content seems to be very much foreshortened 
and mechanized as a result of the progressive practice which the 
subject obtained during the experimentation. This is seen in a 
decided decrease in the amount of content present for any single 
experience at the later stages of practice. Furthermore, there 
seems to be a great prevalence of imagery for the early ex- 
periences while in the later stages the emphasis is more strongly 
on sensation than on image. 

As to the modalities of the sensations and images reported by 
the observers there is, of course, a certain amount of divergence 
because of the differences in imaginal type. But perhaps the one 
great outstanding feature of this study is the prevalence and 
apparent importance of the kinaesthetic experience for the for- 
mation of judgments of this sort.* For only one observer (F.) 
in the experiments with lifted weights, auditory and line stimuli 
did the kinaesthetic experience fail to play an important part in 
the process of comparing. This subject made his comparisons 
of lifted weight stimuli at first largely in terms of tactual ex- 


1 By kinaesthetic experience we include both sensation and imagery of this 
modality without making the exact differentiation between the two. We shall 
have something to say later in this paper regarding the significance of 
kinaesthesis in the formation of comparison judgments of this sort. At the 
present time we merely wish to emphasize the fact of its frequent, indeed 
almost invariable, presence. 
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periences and later a visual schema played a very essential part. 
We must also qualify our former statement by eliminating the 
entire series of the comparing of grays. This series was really 
unfruitful in a sense because the two stimuli were so close to- 
gether that the subjects could perceive a considerable portion of 
both stimuli simultaneously in foveal vision. The comparison 
here was largely a direct and immediate perceptual experience. 

Let us now consider the modalities of imagery and sensations 
reported by each of our observers. Observer W. in the lifted 
weight experiments reported, in the early stages of practice, the 
presence of many different modalities of sensation and image, 
viz: visual, kinaesthetic and tactual. As practice continued the 
visualization of the process dropped out of consciousness as did 
also the tactual experience. This subject reported at this later 
stage for lifted weights, practically only the presence of kinaes- 
thetic factors. In the case of the judgment of visual extents, this 
subject at first employed both visual and kinaesthetic experiences 
in the formation of the judgment. The kinaesthesis was localized 
either in the external eye-muscles or in the muscles which have 
to do with visual accommodation. As practice proceeded the visual 
(retinal) elements and the kinaesthesis of eye-movement were no 
longer reported, and the kinaesthesis of accommodation seemed 
alone to be present. This subject reported in the auditory series, 
that in the early stages, auditory, visual and kinaesthetic factors 
were present. This kinaesthesis was widespread and included 
vocal-motor experiences as well as kinaesthesis of parts of the 
trunk, neck and face. With practice the visual and auditory ex- 
periences were less frequently reported and the kinaesthesis be- 
came much less extended. 

Observer Fs. in the early stages of the lifted weight experiment, 
reported visual and kinaesthetic experiences. Practice seemed to 
make but little change for this subject, although there was a tend- 
ency for the visual elements to be less frequently reported. For 
the judgments of lengths of lines visual and kinaesthetic ex- 
periences wefe again reported and in this series, also, practice 
seemed to make little if any change in the process. Fs’ protocols 
indicate little change with practice in the content for judging 
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sound intensities. Auditory, visual, vocal-motor and general 
kinaesthetic experiences were reported. This observer’s judg- 
ments of the comparing of grays were carried on by visual per- 
ceptual experiences, with some slight kinaesthesis of change of 
fixation and vocal-motor experiences. 

Observer O. reported, in the series with the comparing of lines, 
only visual perceptual and kinaesthetic processes at all stages of 
practice. In the comparing of sound intensities, auditory per- 
ceptual, vocal-motor and general kinaesthetic experiences about 
the head and body were reported. For the comparing of grays, 
visual perceptual and vocal-motor experiences were alone re- 
ported by this observer. 

For Observer S., in the early stages of the comparing of lines, 
visual experiences, both perceptual and imaginal,—were reported, 
as were also ocular motor and manual motor experiences. The 
processes at this stage were very rich in content for this observer. 
Practice seemed to have little effect except that there was a tend- 
ency for the conscious content tc become less complex. The con- 
tent for this observer in the process of comparing auditory stimuli 
consisted of visual imaginal, auditory and kinaesthetic experiences 
of which the latter were the most frequent. 

Observer C. reported the presence of kinaesthetic experiences 
invariably in his judgment of the length of lines. This kinaes- 
thesis was localized largely in the external eye-muscles and in 
the muscles of visual accommodation. Visual perceptions were, 
of course, noted by this observer in this series. In the comparing 
of sound intensities, this observer reported the presence in con- 
sciousness of auditory, visual and kinaesthetic processes. For the 
comparing of grays Observer C. reported only for the presence of 
visual perceptual, vocal-motor and ocular-motor experiences. 

In the process of comparing lifted weight stimuli, Observer 
Wd. reported the presence of kinaesthetic experiences and of 
visual imagery. There seems to be a distinct change in her 
case with progressive practice from a frequent presence of 
kinaesthetic imagery to actual kinaesthetic sensations. 

Observer F. reported very different sorts of content for the 
comparing of lifted weight stimuli than do the other subjects. 
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He seldom reported any kinaesthetic experiences. The mo- 
dalities of content invariably present were the tactual,—both 
sensation and image,—vocal-motor and visual imaginal. It was 
this subject who worked out a very complete and rather com- 
plicated visual imaginal schema in his processes. 

Observer B., in the series of judgment of the length of lines, 
reported visual and kinaesthetic experiences alone. In the 
auditory series, kinaesthetic and auditory and infrequently visual 
experiences were reported. For the series of grays visual per- 
ceptual and vocal-motor experiences were reported. 

In the auditory series, Observer 7. reported the presence in 
consciousness of auditory perceptions but never of an auditory 
image. Kinaesthetic experiences were invariably reported by 
this subject in this series. 

In summary, then, we find that the structural components of 
the process of comparing which we had under investigation com- 
prise the three usually accepted mental elements,—namely, sensa- 
tion, image and affection and mo others. We failed to find any 
new elements beside these three. In this respect our results 
are in complete accord with those of Marbe.* This author 
set himself the definite problem of finding a_ structural 
criterion between judgment and a simple association of ideas. 
On the basis of the protocols of his observers, he reports 
that his experiments have failed; that there is no evidence that 
such a structural difference exists. Marbe then continues his 
discussion along logical lines and asserts that the intention of 
the observer is the distinguishing characteristic. In our particular 
problem we were interested in only a very small part of the 
general problem of judgment, hence we need not discuss Marbe’s 
logical contributions. We merely wish to point out that our 
experimental results are entirely in accord with his, inasmuch 
as we both found that the process is present to consciousness 
structurally in terms of sensations, images and affections. Of 
these, the affections seem to be relatively unimportant and are 
present, apparently, only as part of the experience of ease or 


1K. Marbe. Experimentell-psychologische Untersuchungen iiber das Urteil. 
Leipzig, 1901. Pp. iv+103. 
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difficulty of the formation of the judgment of comparison. The 
image is present almost invariably in the earlier stages of prac- 
tice and may be of several modalities, dependent partially on 
the nature of the stimulus, and partially on the imaginal type of 
the observer. Visual, kinaesthetic, auditory and tactual concrete 
and verbal-motor images were reported by our observers. Sen- 
sations were, of course, always reported in every experience. 
If nothing else there was the perception of the stimuli. But, with 
later practice, the kinaesthetic sensation played an important 
role in the comparison consciousness. Indeed we wish again to 
emphasize the frequency of occurrence of the kinaesthetic sensa- 
tion and the kinaesthetic image in these processes, no matter 
what the modality of the stimuli under consideration nor the 
imaginal type of the observer. 


4. The attributive pattern of the process of comparing which led 
to the formation of the difference judgments 


In the following discussion we shall employ the term function 
in the sense in which it is used in physiology. In the section on 
the structural components of comparing we discussed the content 
of consciousness during this process. We treated of the elemen- 
tal psychic processes which were disclosed by the introspections. 
We treated also in that section of the qualitative attributes of 
these contents because we found it very difficult to divorce the 
discussion of this attributive feature from that of the elements 
themselves. In the present section we shall treat of how these 
elemental processes were present in consciousness, namely, of the 
intensity, clearness, durative and spatial relations between them. 
We shall first discuss those conscious processes which led to the 
formation of the difference judgments, and then in the next 
section we shall take up the processes which led to the formation 
of the equality judgments. 


The comparing of lifted weight stimuli 


The process of comparing lifted weight stimuli was more or 
less similar for most of our subjects. It will be remembered 











+e 


My. 


Y} 


— 
B.u Se 
| 


~ ep Se eee ae ae ns ee eee ie 
. Ws = + ¥ 
“~~ 


iv 
| 
AP 
» 








96 SAMUEL W. FERNBERGER 


that in this series, the space error was eliminated by the turning 
top table, while the time error was in the first order, i.e. the 
standard weight was lifted first and the comparison weight 
second. In the early stages of practice, the subjects reported that 
there was first a clear and focal perception of the standard 
stimulus. In this initial perception the kinaesthetic sensations 
localized in the hand, wrist and forearm were usually most focal. 
This was true for Observers W., Fs., Wd. and P. For Obser- 
vers P. and F., the tactual sensations localized on the ends of the 
fingers were also very vivid in this initial perception of the first 
weight. This was particularly true for Observer F., who made 
it the principal criterion of his judgment. Several subjects re- 
port that, accompanying this perception, there were other pro- 
cesses which frequently developed into a high degree of clear- 
ness. For Observers W., Fs., Wd. and F., there was frequently 
a visualization of the process, sometimes merely of the hand move- 
ments; at other times of the weight itself. In the latter case, 
the visualization of the stimulus was in the nature of an absolute 
judgment regarding its intensity,—the heavy weights being 
visualized as large or dark in color and the light weights being 
visualized as light in color or small. Another form of absolute 
judgment of the intensity of the first weight consisted in a verbal 
motor process following the initial perception, as was true in 
the case of Observers Wd., F. and infrequently for P. 
Following this initial perception, and during the lifting of the 
empty hand before the grasping of the comparison stimulus, all 
of the subjects reported the presence of an imaginal representa- 
tion of the first weight, in the early stages of practice. This 
imaginal representation was reported as being present in various 
modalities by Observer W.,—namely, tactual localized on the 
finger tips, kinaesthetic in the hand, wrist and forearm, and 
visual. The image, in the case of this observer, remained rela- 
tively constant throughout this period, but different modalities 
might be focal in different experiences. Observer Fs. reported 
that this interval was filled by a kinaesthetic image of the lifting 
of the first weight localized in the arm, hand, and wrist, with 
frequently a non-focal visualization of the lifting of this 
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stimulus. She also reported that this kinaesthetic image was 
frequently reinforced by actual innervation. Observer Wd. re- 
ported the presence of a kinaesthetic image localized in hand, 
arm and wrist during the interval between the lifting of the 
standard and comparison stimuli. Observer P. also reported a 
continuous tactual and kinaesthetic image of the standard weight 
during the empty interval. In this image of the tactual com- 
ponents soon became constant from one experience to another, 
and also became non-focal. The kinaesthetic image localized in 
the forearm was usually much more vivid than those in the wrist 
and hand. There was also present infrequently for some of the 
subjects, during this interval, an anticipation of the judgment. 
In every case this would follow an absolute judgment of the in- 
tensity of the standard stimulus if that judgment were, sub- 
jectively, extremely heavy or extremely light. The anticipation 
was always in the opposite direction, i.e. an anticipation that the 
second weight would be heavier if the first weight had been light, 
and vice versa. Observer Wd. reported this experience more 
clearly and more frequently than any of the other subjects. For 
her, the process consisted in a vocal-motor image of the word 
“heavier” or “lighter” with a motor imaginal reference to the 
right,—the direction from which the second stimulus would be 
presented. The case of Observer F. will be discussed later. 
Although all of the observers, in this early stage of practice, 
report the presence of imaginal content from the time of re- 
placing the first weight up to the lifting of the second, they are 
all unanimous in stating that this imaginal representation of the 
standard stimulus dropped out of consciousness immediately 
upon the perception of the lifting of the second weight. In 
other words, the imaginal representation of the first stimulus 
and the immediate perception of the second stimulus were never 
actually simultaneously present in consciousness. In the early 
stages of practice, Observer W. reported that the image of the 
first weight remained in consciousness just up to the perception 
of the comparison stimulus, then the kinaesthetic sensations in- 
volved in the lifting of this second stimulus became focal and 
the judgment usually followed immediately. This judgment of 
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the relative intensity of sensation and image usually seemed to 
be an immediate experience, and W. reported that it was made 
on an attributive basis. Following the formation of the judg- 
ment, there was always a visualization of the situation, in which 
the standard weight was always projected toward the left and 
the comparison weight toward the right. The intensity relations 
were present, in this visual image, in terms of variations of the 
size and color of the images of the weights or in the height 
which they appeared to be from the table. 

For Observer Fs., the process at times was essentially the same 
as that just described. She reported that the imaginal represen- 
tation of the first weight remained only up to the perception of 
the second weight. The kinaesthetic sensations involved in the 
lifting of the second weight then became fecal and the judgment 
was made immediately apparently on an attributive basis of inten- 
sity. The judgment was at once visualized. At other times this 
subject reported a different type of procedure. The imaginal 
representation of the lifting of the first weight remained, as 
before, just up to the lifting of the comparison weight, and then, 
again, the kinaesthetic sensations involved in the lifting of this 
stimulus became focal. This subject reported that the judgment 
was made on the basis of variations of the speed or height of 
the second lift as compared with the first. In this procedure 
there was always a mediating visual image of the relation, which 
was focal before the formation of the judgment. Immediately 
upon the formation of the judgment this was vocalized ap- 
parently without pre-imaging. For this observer, there was 
always a non-focal visualization of the situation following the 
formation of the judgment; in which image, the standard weight 
was always projected toward the left and the comparison weight 
to the right. The image of the lighter of the two weights ap- 
peared as more transparent or “less solid” than the heavier 
stimulus. 

Observer Wd. reported exactly the same sort of procedure 
which we observed for W. and Fs.,—namely, a retention of the 
image of the lifting of the first weight up to the perception of 
the second. The kinaesthetic sensations of this lifting then be- 
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came focal and the judgment was made at once on the basis of 
an immediate awareness of the relative intensity of the image 
and perception, although these were never exactly simultaneously 
present in consciousness. At times a visualization of the ex- 
perimental situation occurred after the formation of the judg- 
ment; this visual image being practically similar, in form, to 
those already discussed for W. and Fs. The precedures reported 
by Observer P. did not vary essentially from those described by 
Fs. The image of the lifting of the first weight remained up to 
the perception of the kinaesthesis involved in the lifting of the 
second stimulus; which latter then became focal. The two pro- 
cedures of an immediate awareness of relative intensity of the 
image and perception, or an awareness of differences in the 
speed of the lifts were both reported. This subject, however, 
did not report any mediating visual imagery in the second type 
of judgment, but declared that it was an immediate awareness. 

At a later stage of practice in the lifted weight experiments, 
the attributive pattern was changed for most of our observers 
to a very considerable extent. Observer W. reported, for this 
later stage of practice, the following changes. In the first place 
the visualization of the processes of the lifting of the two weights 
tended to drop out entirely, and even the visualization following 
the judgment tended to become less intensive and vivid. This 
subject reported that, following the perception of the standard 
stimulus, instead of an imaginal representation of this lifting 
which persisted up to the lifting of the second weight, that an 
actual innervation or a sort of tetanus of the muscles of the fore- 
arm was now present. This persisted up to the second 
lifting and, indeed, the comparison weight was lifted in the 
presence of this actual muscular set. The subject then re- 
ported that he was aware of a change in either the speed or height 
of the second lifting as compared with this muscular set. This 
was described by the observer as an immediate perceptual ex- 
perience which led to a perfectly mechanical verbalization of the 
judgment, without the mediating presence of a visual image. 
This subject also reported that affective processes only came into 
consciousness after the formation of the judgment and then they 
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seemed to be bound up with the degree of subjective assurance; 
unpleasantness being present with the more doubtful judgments 
and pleasantness being present with the very certain judgments. 

The processes described by Observer Fs. showed little change 
as a result of practice. In her case, also, the visualization of the 
process and of the judgment tended to drop out of consciousness, 
and when present, they were less focal than before. The kinaes- 
thetic criteria seemed to be the same as those reported at the 
earlier stage of practice except that the procedure of judging the 
speed and height of the lift rather than that of comparing the 
intensity of the kinaesthetic sensations involved became more 
and more frequent. It will be remembered that this observer 
reported from the first the presence of actual innervation of the 
muscles of the forearm during the period between the replacing 
of the first stimulus and the lifting of the second. Also the 
vocalization of the judgment became exceedingly automatic for 
this subject as a result of practice. 

Observer Wd., after considerable practice, reported that there 
was actual innervation of the muscles of the forearm during the 
period between the two liftings, rather than an image of the 
kinaesthesis of the lifting of the standard stimulus. The criteria 
of judgment, both of differences in intensity of this muscular set 
and the kinaesthetic sensations involved in the lifting of the 
second weight; and also of differences in the speed and height 
of the two lifts were still employed and reported as immediate 
awarenesses. These processes were no longer mediated by visual 
or other images. This subject also reported, at times, in the case 
of the heavier judgments, that the muscular set was not sufficient 
to lift the second weight from the table. Observer Wd. also re- 
ported with further practice the universal presence of an absolute 
judgment regarding the intensity of the first weight, either with 
or without an anticipation of the comparison stimulus. Verbal 
motor imaginal characterizations were always present in these 
absolute judgments and later, there developed a well defined 
verbal schema of seven categories, ranging from “very light’ to 
“very heavy,” which functioned in the formation of the absolute 
judgment of the standard stimulus. Hence, for this subject at 
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the end of practice, we find the presence of the actual muscular 
set plus the absolute judgment in every experience. 

The processes described by Observer P. showed practically 
no change as a result of practice. He continued to speak of a 
tactual-kinaesthetic image of the lifting of the first weight per- 
sisting up to the lifting of the second. In no place did he speak 
of an actually innervated muscular set during this period. We 
believe, however, that this actual set was present even though it 
was not reported. For example, as practice continued, this sub- 
ject more and more strongly emphasized the muscular image in 
the forearm, and declared that the tactual sensations localized in 
the fingers and the kinaesthetic processes localized in the hand 
and wrist became less and less clear and vivid. He also reported 
that he approached both of the weights with a certain “swing” 
which would indicate just such a motor preparation. He further 
stated that he judged by means of the height of the lift. Hence 
we believe that we are justified in assuming the presence of an 
actually innervated muscular set in the case of this observer, 
present during the period between the two liftings, although it 
was never actually explicitly reported. We believe that we are 
justified in assuming the presence of this set, inasmuch as the 
processes described by this observer as identical to those reported 
by our other observers with whom the set was present. 

We have left until now a description of Observer F’s. pro- 
cedure in the lifted weight experiments because the type and 
behavior of his content was so different from that of the other 
observers. This subject reported that each weight was grasped 
with just enough force to keep it from slipping through the 
fingers. The focal thing in consciousness during the lifting of 
the standard stimulus was the intensity of the tactual sensations 
on the tips of the fingers, particularly the third. In the early 
stages of practice, a tactual image of this lifting remained focal 
in consciousness to the lifting of the second weight. But this 
observer also reported that the image of the lifting of the first 
weight and the actual sensations of the lifting of the second 
were never actually simultaneously present to consciousness. 
Absolute judgments were frequent also in the early stages of 
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practice. It turned out later that this subject had developed a 
verbal-motor and visual schema of seven categories of absolute 
intensity. This visual schema was localized in front of the 
subject with the lightest weight to the extreme left and the 
heaviest to the extreme right. When the standard stimulus was 
lifted, the tactual sensations would be focal in consciousness for 
a moment and then one or another of the seven spots in the visual 
schema would become more clear, along with a vocal-motor 
image of the name of that category. The same sort of an ab- 
solute judgment would be made after the tactual perception of 
the second weight had been focal, in terms both of the verbal 
motor naming and of the clearing up of some part of the visual 
schema. The judgment in this case was in the nature of a logical 
inference from the two cleared up parts of the schema; but this 
latter process was rapid, very mechanical and seemed to lead at 
once to the vocalization of the judgment. Practice had very little 
effect upon the processes of this subject except that he reported 
greater emphasis on the absolute judgment and the use of the 
visual imaginal schema; but the comparing of the tactual image 
of the lifting of the first weight with the tactual perception of the 
second was never lost although it became less focal. 

In general, then, for Observers W., Fs., Wd., and P., we note 
two distinct types of process in the comparing of lifted weight 
stimuli. In the early stages of practice, the process consisted 
essentially in the comparing of a tactual-kinaesthetic image of the 
first weight with the intensity of the kinaesthetic sensations 
aroused by the lifting of the second weight. The image and the 
sensations were never exactly simultaneously present in conscious- 
ness. Also visualization of the process was frequent for most 
observers, at this stage of practice. The absolute judgments were 
more or less present from the beginning of experimentation and 
appeared to be, more or less, an immediate perceptual process. 
At a later stage of practice, the visualization tended to drop out 
and, when present, became less clear and vivid. The absolute 
judgments tended to increase in frequency. Aside from this, 
the general conscious content was largely changed. The subjects 
now reported an actually innervated muscular set or preparation, 
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described by some subjects as an actual “muscular tetanus” in 
the muscles of the forearm, following the lifting of the standard 
weight. This continued during the interval between the liftings, 
and the comparison stimulus was lifted in the presence of this 
set. The judgment of difference then consisted largely in the im- 
mediate awareness that the hand had gone up higher or not so 
high, more rapidly or more slowly, as the case might be. This 
was apparently again an immediate perceptual experience ;—at 
least we were unable to obtain any descriptive analysis of this part 
of the process. Observer F. presents another sort of picture. He 
started with a process which consisted in a focal awareness of a 
tactual image of the first weight up to the perception of the second 
stimulus. Then, after practice he had more and more focally the 
formation of an absolute judgment on each of the stimuli. Prac- 
tice, for him, consisted largely in the definatizing of a visual- 
verbal-motor imaginal schema of seven categories of absolute 
judgments of the intensities of the tactual sensations. 


The Comparing of Visual Extents 


In the series in which lines were used as our materials, it will 
be remembered that the two stimuli were presented simultaneously 
with the space errors in the first order, i.e. with the standard line 
always to the left. In this series also, several types of processes 
mark different stages of practice for most of our subjects. 

In general, for the early stages of practice, the process consisted 
in a clear perception of the standard line; a carrying over of an 
image of this line to the other stimulus; a perception of this 
second line and then the judgment. One might expect, with the 
presentation of such stimuli, that the imaginal representation of 
the first line which was compared with the perception of the 
second, would have been a visual image. This was infrequently 
the case however. 

Observer W. at times employed a visual image of the standard 
line which was projected just above the comparison stimulus and, 
in the case of a difference judgment, either extended beyond the 
comparison line or not so far. In this case the image of the 
standard line and the perception of the comparison line were 
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simultaneously present in consciousness. This was also true in 
the case of another procedure employed by W. In this case he 
would fixate directly between the two lines and would then be- 
come aware that the extreme end of one line would appear less 
clear than the extreme end of the other, and would therefore be 
judged longer. Hence the judgment of difference in this case 
never got beyond the perceptual level. Other types of processes 
were also employed by W. in these early stages of practice. He 
reported a focal awareness of eye movement from left to right 
across the standard line and then a similar movement across the 
comparison line, and an immediate judgment of greater or less 
intensity of the kinaesthetic sensations at the end of the second 
movement. Similar perceptual procedures of apprehending the 
two lines were followed by a judgment in terms of the duration 
of the eye movements, in a manner which was either immediate 
and performed on an attributive basis or else was incompletely 
described by the subject. Still another procedure was employed 
by Observer W. in this early stage of practice. This was to fixate 
the standard line alone until the ends of this line became clear, but 
with the strains of accommodation in focal consciousness. Then 
there would be a shift of eye fixation to the other line and then 
the subject would be aware of an increase or decrease in the in- 
tensity of these strains of accommodation while the visual per- 
ception of the comparison line was clearing up. The awareness 
of the change of intensity of these strains and of the direction of 
this change led at once to the vocalization of the difference judg- 
ment. 

In the early stages of practice, Observer Fs. reported only one 
type of procedure. She would be aware of eye movement across 
the standard line from left to right. She was focally aware of the 
visual perception of the line, however, rather than of the kinaes- 
thesis of the eye movements. Then there was an awareness of a 
sudden and rapid shift of fixation to the comparison line and then 
an awareness of eye movement across this line. Again the focal 
content in consciousness was the visual perception of the line 
rather than the kinaesthesis of the eye movement. At the end 
of this movement, in the case of a difference judgment, Fs. re- 
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ported that she was either focally aware of a portion of the right- 
hand end of this line, in the case of a “greater” judgment or that 
she was focally perceptually aware of a small section of the white 
card just beyond the right-hand end of this line, in the case of 
a “shorter” judgment. It will be noted that this subject, in this 
series and in the series with grays, always reported changes in eye 
fixation in terms of a change in the visual perceptual field rather 
than in terms of kinaesthetic sensations in the eye muscles. 

Observer O. reported, in the early stages of practice in this 
series, a perception, several times repeated, of the standard line. 
In this perception the kinaesthetic sensations of eye movement 
were always focal as compared with the visual perception of the 
line itself. This was particularly true on reaching the ends of the 
line as at that time there was a marked rise in focality and clear- 
ness of the kinaesthetic sensations. He then reported a non-focal 
awareness of the kinaesthesis of head movement to the second 
line. Then he would be focally aware of the kinaesthetic sensa- 
tions of the external eye muscles as the fixation moved across this 
line with a less clear visual perceptual awareness of the line. 
Suddenly he would be aware of a stopping of this eye movement, 
of a “muscular hitch” as he described it, and then of a focal visual 
perception either of a portion of the end of the line or of a portion 
of the white card beyond the line. These obviously led to the two 
difference judgments respectively of “greater” or “less.” Then 
the vocalization followed at once and very automatically. 

In the early stages of practice, Observer S. reported a great 
number of different kinds of processes. Each sort would be em- 
ployed almost always exclusively in a single experience, however. 
Two sorts of visual comparisons were made, in both of which 
there were an immediate and simultaneous awareness of a visual 
representation of the first line and a visual perception of the 
second. In the first type of procedure, there was a rapid per- 
ceptual alteration of the two lines until finally one remained in 
focal consciousness. In every case of this sort it was the longer 
line which was present and a visual image of a short perpendicular 
line would be projected near the right-hand end of this stimulus,— 
marking off the extent to which this line was longer than the 
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other. At other times a visual image of the standard stimulus 
would be superimposed upon the comparison line and would either 
extend beyond it or not quite reach the end of it, in the case of 
the difference judgments. This subject also reported at least 
three types of experience in which kinaesthetic factors played a 
very considerable part. Observer S. would be focally aware of 
the intensity of the kinaesthesis of eye movements in moving his 
fixation from left to right across the standard line. Then he 
would be aware of a rapid shift of eye movement to the com- 
parison line, largely in terms of a change of the visual perceptual 
field, and then focally aware of the intensity of the eye move- 
ments across this line. He would then have an awareness of an 
increase or decrease of the intensity of the strains in the external 
eye muscles as his fixation reached the end of this second line, 
which led to the formulation of the two difference judgments. 
Another form of kinaesthetic process, which however was never 
completely analysed by this subject, consisted in a fixation between 
the two lines and a non-focal visual perception of both simul- 
taneously. Then there would develop focally an awareness of 
strains on one side of the body,—the side always toward the 
longer line. Still another rather curious motor procedure was for 
this subject to have a rather vivid visual perception of the stand- 
ard line accompanied by a more vivid awareness of a kinaesthetic 
image, localized in the hand and fingers, as if he were spreading 
the thumb and forefinger a distance equal to the line. This was 
then carried over in an actual manual motor set and the com- 
parison line was perceived visually. Much more clear, in the 
case of a difference judgment, than the actual visual perception 
of this second line was a kinaesthetic awareness of an increase or 
decrease in this manual motor set. Several procedures involving 
absolute judgments were also employed. This observer reported 
frequently an illusion which seemed to form the basis of his 
judgment. If a line was judged to be absolutely long, S’s. visual 
perception of that line would appear to be narrow and light in 
shade; if the line was judged short in absolute terms, it would 
appear to be broad and very black. We rather suspect that the 
illusion in perception led to the formation of the absolute judg- 
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ment rather than the reverse. Also at a very early stage of prac- 
tice this observer reported a type of process which was character- 
istic of some of our subjects at their last stage of development. 
In this procedure, S. reported that he was aware of carrying over 
of a muscular set or strain of a certain intensity from the com- 
parison line of the pair before. He then clearly perceived the 
comparison line of this pair and, in the case of the difference 
judgments, was at once aware of an increase or decrease of the 
intensity of this strain, and this at once led to the vocalization of 
the judgments ‘greater’ and ‘less’ respectively. In this procedure 
the judgment was formulated without any perception of the 
standard line. 

In the early stages of practice with this sort of stimuli, Ob- 
server C., on the other hand, invariably employed kinaesthetic 
criteria. Three general types of procedure were employed. In 
the first of these, this observer would be aware of an eye move- 
ment across the standard line from left to right with a great in- 
crease in clearness of the intensity of the strains of the external 
muscles of the eye when the fixation reached the right-hand end 
of this line. Then he was aware of a change of fixation to the 
comparison line,—largely in terms of a change of the visual per- 
ceptual field. This line would also be explored from left to right 
with a great increase of clearness of the intensity of the strains on 
reaching the right-hand end of this line. This observer reported 
that the awareness that the intensity of the strains was greater 
or less at the end of the second excursion as compared with the 
first was an immediate experience, and the vocalization occurred 
at once. Another type of procedure employed by this observer 
was similar to that described for subjects W. and Fs., in which 
the eye made the same excursion across the second line as it had 
across the first and the subject, in the case of the difference judg- 
ments, discovered that at the end of the second excursion he was 
clearly aware in visual perceptual terms either of a part of the 
line or of the white card beyond the line. Also changes in accom- 
modation were employed such as we have described in the case 
of Observer W. In this case the standard line would be fixated 
without eye movement and would be clearly perceived as a whole. 
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More vivid than the actual visual perception would be the aware- 
ness of the intensity of the strains of the muscles of accommoda- 
tion. These strains were reported as being held in an actual 
muscular set and carried over, by a change in fixation, to the com- 
parison line. Then C. would be focally aware of an increase 
or of a decrease in the intensity of these strains, as the visual per- 
ception of this line was clearing up. In the early stages of prac- 
tice for this observer, all three types of processes were used in- 
discriminately and several kinds would often be reported as being 
used in a single experience. 

Finally in this series of visual stimuli, Observer B. reported 
both visual and kinaesthetic types of processes. She employed an 
immediate and simultaneous comparison of a visual image of the 
standard line with a perception of the comparison line, almost 
identical to that described for Observer S. Also two sorts of 
kinaesthetic processes were reported. In the first there was a 
comparison between a kinaesthetic image of the strain in the ex- 
ternal eye muscles at the end of the first excursion, with the 
actual strain at the end of the second. This process was not 
sufficiently analysed to permit of an adequate description. Also 
B. reported a process consisting of eye movement across the 
standard line with a focal awareness of the kinaesthetic sensa- 
tions involved rather than of the visual perception. This was fol- 
lowed by an exploitation of the comparison line with a focal 
awareness of a muscular “hitch” after a certain extent of ex- 
cursion, reported as equal in extent to the eye movement across 
the first line. Then the subject, in the case of the difference 
judgments, was focally aware of a visual perception of either a 
part of the white card beyond the line or of a portion of the line 
itself. . Vocalization followed automatically. This procedure 
was essentially the same as that described for Observers Fs., O. 
and C. This we believe is evidence of a motor set or preparation 
in this observer such as was reported by the other subjects. 

A second stage, due to the progressive practice which the ob- 
servers acquired during the experimentation, is to be noted. This 
occurred at varying periods for the different observers and at 
first was not very well marked as the observers reverted to the 
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use of earlier methods of procedure. This second stage is marked 
primarily by the singling out and almost exclusive use of one of 
the several procedures which were employed at the beginning of 
experimentation. 

In the case of Observer W., this second stage was particularly 
well marked. In the beginning of experimentation, W. employed 
at least five different kinds of procedures which we have described 
above,—namely, I. comparison by means of a visual image of 
the standard line; 2. fixation between the lines and the perception 
of the relative clearness of the extreme ends; 3. comparison of 
kinaesthesis strains of eye movement; 4. comparison of kinaes- 
thesis of strains of accommodation; and, 5. comparison of dura- 
tions of eye movement. As time went on he employed the pro- 
cedure of the comparing of strains of accommodation more and 
more frequently, until this was employed almost exclusively. 
Also, this observer reported that he was more and more sure that 
he carried over the accommodation strains from the standard to 
the comparison lines as an actual innervated muscular set and 
that the focal experience at the moment of the formation of the 
judgment was an awareness of an increase or decrease of the 
intensity of these strains. As time went on, other processes were 
reported but these only occur in the case of a difficult or doubtful 
judgment. 

At a later stage of development in this series, Observer Fs. 
reported a type of procedure which she at first failed to analyse. 
This type of procedure was employed exclusively throughout the 
later experiments. At first she described the process as consisting, 
first in a focal visual perception of the standard line followed by 
a focal visual perception of the comparison line, and at once the 
difference “stood out.’’ This process was described as being very 
automatic and was followed by very rapid vocal-motor imagery 
of the judgment. It later turned out that this observer was aware 
non-focally of muscular sensations of accommodation so that this 
process is essentially the same as that described for Observer W. 
at this later stage of practice. There is this difference between 
the content of Observers W. and Fs. For the former, the kinaes- 
thetic sensations of accommodation were always more vivid than 
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was the visual perception of the line; while for the latter subject, 
the opposite clearness relations were true. 

Observer O. never showed any change in his procedure due to 
progressive practice. This was probably due to two factors. In 
the first place, this observer never hit upon the method of com- 
paring the two lines by means of the sensations of accommoda- 
tion, but continued to use the method of exploitation by eye move- 
ments as his sole procedure. Secondly, this observer always 
employed the line which was actually the comparison stimulus as 
his first line. Hence his apparent standard was continually chang- 
ing and therefore he had no means of building up a set of kinaes- 
thetic sensations due to practice which corresponded to the stand- 
ard line. 

Practice also had little effect upon the processes of Observer S. 
We find, in the later experiences a great number of absolute judg- 
ments and a very great increase in the number of judgments made 
by carrying over a motor set of accommodation from the com- 
parison line of the pair before. This procedure which has been 
described above really is characteristic of a still later stage of 
development that was subsequently reached by some of our ob- 
servers. Observer C. also, as a result of practice had a tendency 
to judge the lines more and more exclusively on the basis of the 
sensations of accommodation and his other two procedures, both 
of which employed exploitation of the lines by means of eye move- 
merit, were practically eliminated. 

Several of our subjects employed a procedure which we believe 
marks a still later stage of development in the formation of judg- 
ments with stimuli such as we employed in this series. This 
further development was reached only by those subjects who em- 
ployed the procedure of comparing the lines by means of changes 
in the sensations of accommodation. Observer S. hit upon this 
early in his series. The procedure reported above was for the 
subject to fixate the standard line without eye-movement and 
then to be focally aware of the strains of accommodation just as 
the visual perception of the line was clearing up. The subjects 
then reported the carrying over as an actual motor set these strains 
of accommodation, and, as the second line was clearing up, they 
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were aware of an increase or decrease of the intensity of these 
strains in the case of the difference judgments. Now as the result 
of more practice the subjects never perceived the standard line 
atall. They reported that they carried over an actually innervated 
motor set of the strains of accommodation from the comparison 
line of the pair before; they then at once fixate the comparison 
line of the next pair and are immediately aware of an increase 
or decrease in the intensity of these strains. Observers W. and 
C. both reported that their final judgments of difference were 
made almost exclusively in terms of this procedure; while Ob- 
server S. employed it infrequently early in his practice and much 
more frequently in his later experiences. Observer Fs. although 
she employed accommodation changes in her comparings never 
reached this stage of practice. Neither Observers O. or B. em- 
ployed accommodation changes and neither reported anything 
comparable to their processes to the modification of behavior and 
content reported by the other observers. 

In summary then, we note three stages of mechanization in the 
process of comparing lengths of lines due to the progressive prac- 
tice which the subjects received during the experimentation. Each 
stage of practice showed more or less typical differences in the 
mental processes which led to the formation of a difference judg- 
ment. The first stage was marked for most subjects by the use 
of a number of procedures. Thus Observer W. employed five 
different types of processes in the formation of his judgments, 
and S. reported as many as seven different types of processes. 
These are, in general, of three sorts: I. comparisons made in 
terms of absolute judgments; 2. comparisons of an imaginal 
representation of the standard line with a perception of the com- 
parison line; 3. comparisons made on the basis of an actual 
kinaesthetic set of the first line, the comparison stimulus being 
perceived in the presence of this set and the judgment of dif- 
ference being a mere awareness of a change in this set. The pro- 
cesses which consisted in a comparison of an imaginal represen- 
tation of the standard line with the perception of the comparison 
line were of two sorts: I. comparison of a visual image of the 
standard line with the perception of the comparison, in which 
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case the image and sensation were reported as being absolutely 
simultaneously present in consciousness; 2. comparison of a 
kinaesthetic image of exploitation of the lines, in which case 
the image of the standard line and the sensations from the com- 
parison line were described as not being simultaneously present. 
The procedures which involved the carrying over of an actual 
motor set were also of two sorts: 1. the set was described as 
being localized in the internal eye muscles which have to do with 
accommodation; 2. it was described as being localized in the 
external eye muscles which have to do with exploitation. Pro- 
gressive practice resulted, in the case of every one of our subjects, 
in the singling out of some one of these numerous types of 
process. In the case of every one of our subjects a kinaesthetic 
form of process was singled out and used almost exclusively. 
Furthermore the kinaesthetic process which was singled out was 
one involving the carrying over to the comparison stimulus of 
an actual innervated muscular set, rather than an imaginal 
representation of the standard line. In the case of two subjects, 
O. and B., the eye movement type of process was singled out, 
and the movement would stop at a certain point in the exploita- 
tion of the comparison line. In the case of the other four ob- 
servers,—namely W., Fs., S., and C.—the criterion of judg- 
ments in terms of a change in the set of the muscles of accom- 
modation was singled out. Finally two of these subjects, W. 
and C., reached a third stage of mechanization. In this stage 
they still employed the actual muscular set of accommodation 
when perceiving the comparison line but now this set was carried 
over from the pair of lines just preceding any given exposure, 
directly to the comparison line of the next pair; while in the 
former stage, the set was carried over from the standard to the 
comparison line of each pair. In this stage of mechanization, 
the standard line was never actually perceived at all. Observer 
S. had a slightly different development than W. and C. Ob- 
server S. reached the third stage of mechanization but he reached 
it very much sooner and without a well marked intermediary 
stage as did the other two subjects. His later development con- 
sisted rather in a more and more exclusive use of this type of 
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process. Observer Fs., although she employed the same general 
type of process as Observers W., C. and S., never reached the 
third stage of mechanization. It is rather interesting to note 
that Observers O. and B., who in their second stage singled out 
the exploitation type of set rather than that of accommodation, 
never reached anything that approximated the third stage reached 
by three of the other subjects. This is rather to be expected, 
inasmuch as one may believe that it would be more difficult 
through practice to acquire a general set for exploitation than it 
would for the accommodation changes. 


The Comparing of Auditory Intensities 

The comparing of sound intensities which led to the formation 
of a difference judgment were described from the aspect of the 
attributive pattern of our different observers in the following man- 
ner. Observer W., in the early stages of practice, reported the 
presence of many sorts of criteria in his formation of the judg- 
ment. The process at first was very complex. He would first be 
aware of an auditory perception of the standard stimulus. This 
auditory perception would seldom remain focal for any length of 
time, because very soon a kinaesthetic reaction became focal. This 
reaction, which was described as a contraction of muscles, was 
reported at first as localized in the eyes, face, neck, throat, 
shoulders, abdomen, and chest and was usually accompanied by 
a vocal-motor image of singing the note. Also, in the earlier 
experiences, there would be a fairly focal visual schematic image 
of the experimental situation on the other side of the screen, i.e. 
of the dropping of the hammers and the like. Then the subject 
usually reported that this kinaesthetic reaction was held over 
as an actual innervated muscular set up to the perception of the 
second sound. This set remained fairly focal throughout this in- 
terval between the two stimuli. With the giving of the second 
sound, the auditory perception was seldom focal, and this percep- 
tion was as before accompanied by a visual image of the general 
experimental situation. In the case of the difference judgments, 
this subject reported that he was most clearly aware of a change 
in the muscular set which had been present in consciousness from 
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the perception of the standard stimulus. In the case of a 
“louder” judgment, he was aware of an increase of the muscular 
strains and, in the case of a “softer” judgment, of a partial 
relaxation of these strains. With early practice, a few ex- 
periences were reported which made use largely of auditory 
criteria. In one type of process, this observer was focally aware 
of an auditory image of the same intensity as the standard 
stimulus. This persisted focally just up to the perception of the 
comparison sound. But the image of the standard stimulus and 
the perception of the comparison stimulus were never exactly 
simultaneously present to consciousness. Another type of process 
which was largely auditory in character was infrequently re- 
ported. This consisted essentially in an immediate perceptual 
absolute judgment of the voluminousness of the comparison 
stimulus without any special imaginal representation of the 
standard stimulus present at all. With practice very little change 
was noted in the procedures. There was a tendency for the 
visual schematic image of the experimental situation to become 
less and less clear and vivid and less frequent in occurrence. Also 
the auditory types of judgments were less frequently reported, 
until finally the focal content in the comparing of these 
stimuli was the motor set following the perception of the stand- 
ard stimulus, and the change in this set following the perception 
of the comparison stimulus, in the case of the difference judg- 
ments. Finally, with increased practice, this kinaesthetic re- 
action and set became much less widespread than it had been in 
the earlier experiences. 

The processes reported by Observer Fs. were also very complex. 
In the first place she reported a non-focal visual image of the 
entire experience and then a focal schematic visual image of the 
judgment after it had been formed. Her processes started with 
the auditory perception of the first stimulus. Then very soon 
there came into consciousness an auditory image of this stimulus. 
There was also a vocal motor image of singing the sound and a 
muscular contraction about the eyes and face, described as a 
“cringe.” Both the vocal motor and the general muscular ex- 
perience were frequently reported as being held over to the per- 
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ception of the second stimulus as an actually innervated muscular 
set. Any one of these three experiences; the visual image, the 
vocal-motor of humming or the general muscular reaction 
might be the focal in any particular experience. If the auditory 
image was held over focally it was usually accompanied by 
the vocal-motor set as well. Then the judgment was formed 
at once upon the perception of the second sound stimulus, 
although the subject always reported that the image of the first 
sound and the perception of the second were never exactly si- 
multaneously present to consciousness. In the cases where the 
general muscular reaction was most vivid, the observer was 
focally aware, for an instant of the auditory perception of the 
comparison stimulus; and then she would be focally aware of 
an increase or decrease of the intensity of this set, in the case 
of a difference judgment,—the increase or decrease leading to 
the judgments of “louder” and “softer” respectively. Another 
type of process was employed by this observer but rather in- 
frequently. This consisted in an absolute judgment regarding 
either the standard or comparison sound. Thus either of the two 
stimuli were described as having a “jangling”’ quality while the 
other would not, and in such cases the sound so analysed would 
be judged as louder. This process seemed to be partly a tonal 
analysis and partly due to kinaesthesis in the ear. Practice 
again seemed to have little effect on the process of comparing 
for this subject. There was a tendency for the visualization of 
the experimental situation to drop out or to become less fre- 
quently focal. Also there was a tendency for the kinaesthetic 
processes to become more frequently focal and for the auditory 
processes to become less frequently focal as experimentation pro- 
ceeded. 

Observer O. also presents a very complex process and one 
which showed remarkably little change with practice. He was 
first aware of a focal perception of the standard stimulus. Then 
there was a non-vivid auditory image of this sound which per- 
sisted up to the perception of the second stimulus, but which was 
reported as never being absolutely simultaneously present with it. 
Slightly more clear, immediately following the perception of 
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the standard stimulus, was a kinaesthetic reaction which involved 
muscular contractions in the head, eyes, neck, shoulders and 
body; and this reaction was reported as persisting in an actual 
innervated set up to the perception of the comparison stimulus. 
But the focal experience in this period was a vocal-motor reaction 
of singing the first sound and this also persisted in an actually 
innervated set up to the perception of the comparison stimulus. 
Then for an instant, the auditory perception of the comparison 
stimulus was focally present in consciousness. But very rapidly 
this subject was aware, in the case of the difference judgments, 
either of an increase or decrease in the intensity of the vocal- 
motor set and slightly less clearly of a change in the intensity of 
the general bodily muscular set which had been carried over 
from the perception of the standard stimulus. The awareness 
of this change and of the direction of the change in the muscular 
sets was essentially the process of the formation of the difference 
judgments. 

Observer S. reported a type of process which in most respects 
was very similar to that employed by Observers W. and O. All 
of his experiences were very similar. The standard stimulus was 
perceived focally for a short time. But then rapidly its place in 
focal consciousness would be taken by an awareness of a mus- 
cular contraction localized in the eyes, neck and shoulders. 
Observer S. reported that these muscular contractions were held 
in an actually innervated set up to the auditory perception of 
the second stimulus. This auditory perception was focal for a 
short time and then Observer S. was focally aware either of an 
increase or decrease in the intensity of this muscular set. This 
awareness of the change in the set and of the direction of the 
change, which was apparently an immediate perceptual ex- 
perience, seemed to be the essence of the formation of the differ- 
ence judgment. At times, after judgment, this subject would 
have a visual imaginal schema of the experimental situation. At 
times before the perception of the first stimulus he would have 
anticipatory visual, auditory and kinaesthetic representation of 
the experimental situation. Neither of these processes seemed 
to be essential, however, to the formation of the difference judg- 
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ment. We are unable to find that practice had any effect whatso- 
ever upon the processes of this observer in this series of experi- 
ments. 

A very different picture is presented by the processes of Observ- 
er C. For this subject, practice made a very considerable change 
and, indeed, we find three distinctly different types of process 
corresponding to three distinct stages of practice. At first, this 
observer always reported anticipatory auditory and visual images 
of the experimental situation behind the screen, in the fore-period. 
Then the auditory perception of the standard stimulus would be 
focal and this would be followed by a clear and focal auditory 
imaginal representation of the standard stimulus. This auditory 
image might have either of two temporal courses,—either C. 
reported that it remained continually without variation in clear- 
ness or intensity up to the auditory perception of the second 
stimulus; or he reported that it was intermittent in character, 
1.¢., going entirely out of consciousness and coming in again 
several times between the perception of the standard and com- 
parison stimuli. In either case, however, the comparison sound 
was perceived in the presence of this auditory image, although 
the two were described as never being absolutely simultaneously 
present in consciousness, and the formation of the judgment 
seemed to be an immediate experience. 

Very soon, however, Observer C. reported that his processes 
had changed very radically. He dropped the auditory criteria 
of comparing and the process, as now described, was carried on 
in kinaesthetic terms. The process was very similar to that 
already described for Observers W., O., and S. Immediately 
upon the focal perception of the standard stimulus, this subject 
was aware of a kinaesthetic reaction in the ear and face, which 
remained as an actual innervated set up to the perception of the 
second sound. The auditory perception of the comparison 
stimulus then became focal for a short time and eventually its 
place was taken by a very clear and focal muscular awareness of 
an increase or decrease of the intensity of this set. Finally, as 
the result of still further practice, the awareness of this mus- 
cular set between the standard and comparison stimuli, became 












nS aN ACLET & FS 


oo 
ws 


bac he * 
cee te eas a ee ee 
ae Fu paused ines ee a. 


ee 





aaa 
+ eel a 
; en 





—er 
Smee 
ee 


segou 
AAS 0 FAS wih 





i* 
}. 















‘ 
, =~ rl y 
. ~ NN A a ALR A a SOIT A AES fe CNS aR HM 











118 SAMUEL W. FERNBERGER 


less and less clear and focal and finally dropped to the phy- 
siological level. The process as now described was very simple 
indeed. From the conscious side, it consisted merely of a focal 
auditory perception of the standard stimulus, followed by an 
apparently empty period; then a focal auditory perception of 
the comparison stimulus of very short duration. Then there 
was a focal awareness of a contraction or partial relaxation of 
the facial muscles and a vocalization of the judgment, in the 
case of the difference judgments. Inasmuch as the subject re- 
ported a relaxation of facial muscles in the case of the lighter 
judgments, we must assume that a set had been carried over from 
the perception of the standard stimulus although it had sunk to 
the physiological level and was no longer conscious. 

The description of the processes reported by Observers B. and 
T., who were relatively untrained, need not be given a very com- 
plete summary. Observer B. gives confirmatory evidence of 
the same sort of process described by the other subjects, for 
the comparing of this sort of material. At times she reported 
the presence of a visual imaginal representation of the experi- 
mental situation. Infrequently she reported the presence of a 
non-focal auditory image corresponding to the sound of the 
standard stimulus. This, however, was described as being of 
very short duration and of never persisting until the perception 
of the comparison stimulus. Most of the time no such auditory 
image was reported, and indeed, B. frequently makes the definite 
negative statement that no auditory image was present. In 
every experience, B. reported the sort of kinaesthetic process 
described above for the other subjects. The process, in the case 
of the formation of the difference judgments, was at first re- 
ported as a reflex kinaesthetic reaction localized in the head, 
body, mouth and tongue, following the auditory perceptions of 
both the standard and comparison stimuli. Later this was des- 
cribed in terms of a kinaesthetic reaction following the auditory 
perception of the first stimulus, which was then held in the usual 
actually innervated set. Then, after the auditory perception 
of the comparison stimulus, this observer was aware of an in- 
crease or decrease in the intensity of this muscular set. 
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Observer T. never reported the presence of an auditory image 
throughout this entire part of the investigation. He showed two 
rather distinct stages of practice. In the early stage, his pro- 
cess consisted in an auditory perception of the standard stimulus, 
followed rapidly by an inhalation, which latter was present to 
consciousness largely in terms of pressure sensations in the chest. 
This inhalation was actually held until the auditory perception 
of the comparison stimulus and then, in the case of the difference 
judgments, this observer would be aware either of a further 
inhalation or of a partial exhalation. Ina later stage of practice 
this breathing criterion was replaced by a muscular reaction 
localized in the head, neck and body and held as an actual in- 
nervated set between the perception of the standard and com- 
parison sound stimuli. In the judgment of difference, then, this 
subject reported either a relaxation or an increase in the muscular 
strains of this set, immediately following the perception of the 
comparison stimulus. 

In summary then, of the processes which led to the formation 
of a difference judgment in the comparing of the intensity of 
auditory stimuli, we find relatively a great deal of similarity be- 
tween our different subjects. For most of our subjects, the 
processes were very little changed as a result of the progressive 
practice which the observer obtained during the experimentation. 
This is true for Observers W., Fs. O., S. and B. Observer T. 
showed certain changes but these really consisted in the sub- 
stitution of one sort of kinaesthetic reaction for another. Ob- 
server C. on the other hand, showed marked changes due to 
practice. Three distinct stages are to be found in an examination 
of his processes, each marked by characteristic structural and 
attributive differences. Most of our observers report surpris- 
ingly infrequently the presence of an auditory image of the 
standard stimulus, and the presence of such an image seems to 
have a tendency to drop out or become less clear and focal as 
practice goes on. Some subjects reported a visualization of the 
experimental situation but this seems to be unessential to the 
formation of the difference judgment and again drops out or be- 
comes less vivid due to practice. But all of the observers reported 
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kinaesthetic criteria. The process consisted largely in a kinaes- 
thetic reaction immediately following the auditory perception of 
the first sound. This remained as an actually innervated kinaes- 
thetic set from the perception of the standard stimulus up to the 
perception of the comparison stimulus. Then, for a short time, 
there was a focal awareness of the auditory perception of the 
comparison stimulus. Then, in the case of the difference judg- 
ments, the subjects became focally aware of a change in the kin- 
aesthetic set and also of the direction of that change. If there was 
an increase in the intensity of this muscular set, the judgment 
of “louder” was formulated; if there was a decrease in the in- 
tensity of this set, or in other words if there was a partial re- 
laxation, the judgment “softer’’ was given. There were certain 
rather great variations, however, in the extent of the localization 
of this motor set. In the case of Observer W. it was very wide- 
spread, including the eyes, neck, throat, shoulders, chest, abdomen, 
and also the vocal-motor innervation of singing the note. In the 
case of the Observer Fs., it was restricted to the eyes and face. 
The other subjects showed varying degrees of the extent of dis- 
tribution of this motor set between these two limits. 


The Comparing of Visual Brightnesses 


In this series the two stimuli were presented simultaneously 
and in the first space order, 1.e., with the standard stimulus always 
to the left. In the formation of the difference judgments, our 
several observers showed characteristically different types of pro- 
cedure in the series of the comparing of visual brightnesses. 
Observer Fs. described her processes from one experience to 
another in almost identical terms and practice apparently had no 
effect whatsoever. In the fore-period, this observer fixated a 
point below the screen. Then, when she was aware in peripheral 
vision, that the stimuli had come to rest, she rapidly changed her 
fixation to the standard stimulus. The changes of fixation for 
this observer were always present to consciousness in terms of 
a changed visual perceptual field, rather than as kinaesthesis of 
eye movements. Then there would be a rapid but focal percep- 
tion of the standard stimulus, followed by a change of fixation to 
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the comparison stimulus and a rapid but focal perception of this 
gray. Observer Fs. reported that her perception of the com- 
parison stimulus was always more clear and vivid but not more 
durative than her perception of the standard gray. Then there 
was a return of fixation below to the edge of the exposure 
aperture, followed rapidly and exceedingly mechanically by. a 
vocalization of the judgment. 

Observer O. showed very marked changes in his processes due 
to the progressive practice which he received during the experi- 
mentation. In the early stages of practice, this observer reported 
that he had first a very clear and focal perception of the standard 
stimulus, with the comparison stimulus seen less clearly and 
focally in peripheral vision. At once there would be vocal- 
motor imagery of the judgment. Then there would be a clear 
perception of the comparison stimulus, focal but of short dura- 
tion, and this would be followed usually by the vocalization of 
the judgment. At times Observer O. would again clearly per- 
ceive the standard stimulus as a verification process. After con- 
siderable practice, his processes changed to a great extent. Now 
he reported that he had first a clear and focal perception of the 
comparison stimulus, and the formation of an absolute judgment 
regarding its brightness. This absolute judgment seemed to 
consist of a visual perceptual process, followed rapidly by a 
verbal-motor experience of naming the brightness. At times, in 
this stage of practice, this observer would then have a focal visual 
perception of the standard stimulus as a verification process; at 
other times the standard stimulus was never perceived at all. 

In the comparing of visual brightnesses, Observer C. employed 
several sorts of procedure. In many experiences he reported a 
process which was largely immediately perceptual in its nature, 
i.e., in which both stimuli were perceived simultaneously and 
the judgment was made on the basis of this double perception. 
This procedure took two forms,—1. both the standard and com- 
parison stimuli would be seen in peripheral vision with equal 
clearness and focality; 2. either the standard or comparison 
stimulus would be perceived focally while the other would be 
perceived less clearly in peripheral vision. A type of process 
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which consisted in the formation of an absolute judgment upon 
each of the stimuli was much more frequent however. In this 
type of process, the standard and comparison stimuli were per- 
ceived focally but successively and an absolute judgment was 
made upon each. This absolute judgment seemed to be an im- 
mediate vocal-motor-auditory process of naming the stimulus 
immediately following the visual perception. Later, as a result 
of practice, this observer reported that his perception of the 
standard stimulus was of exceedingly short duration and much 
less vivid than it had been before,—“as if my eyes were already 
moving to the second stimulus.” This rapid perception of the 
standard stimulus was not accompanied by an absolute judgment. 
There would then be a focal perception of the comparison 
stimulus followed by a vocal-motor-auditory imaginal judgment 
of the absolute brightness of this second gray. At a still later 
stage of practice, Observer C. reported that he first perceived the 
comparison stimulus focally and that this was immediately fol- 
lowed by an absolute judgment, which apparently consisted of a 
mere vocal-motor-auditory imaginal process of naming the 
brightness as before. Later, the standard stimulus would be 
perceived focally for a brief period as a verification process. 
Observer B. employed types of procedures very similar to 
those reported by the other observers. The most frequent type 
of process for this subject during early practice, was to fixate be- 
tween the two stimuli and to perceive part of both with equal 
focality, simultaneously and in peripheral vision, and then the 
judgment would be given at once in verbal terms. If the judg- 
ment turned out to be difficult, Observer B. reported that she 
would then perceive the standard and comparison stimuli focally 
and successively several times, and then that she would hold her 
fixation between the two stimuli and perceive both simultaneously 
with equal clearness and then vocalize the judgment. In such a 
procedure the successive fixation of each of the two stimuli 
would be accompanied throughout by a vocal-motor absolute 
judgment as to brightness. At a much later stage of practice, 
another type of process developed for Observer B. She now 
reported that she perceived the comparison stimulus focally, and 
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simultaneously she perceived the standard stimulus less vividly 
and clearly in peripheral vision. This double perception was fol- 
lowed rapidly by a vocal-motor absolute judgment regarding the 
brightness of the comparison stimulus. At times this procedure 
was followed by a focal perception of the standard stimulus as 
a sort of a verification process. 

In summary, then, of the processes which led to the formation 
of a difference judgment in the comparing of visual brightnesses, 
we find that for most of our observers the process is a relatively 
simple one. Several of our observers, namely Fs., C. and B., 
reported a process which consisted in a successive focal percep- 
tion of the standard and comparison grays. By far the most 
usual process, in the early stages of practice was one in which 
the two stimuli were perceived simultaneously, either both in 
peripheral vision, or one in foveal and the other in peripheral 
vision. This sort of process was employed by Observers O., C. 
and B. Another very frequent form of judgment process which 
was employed by all four of our subjects included the formation 
of an absolute judgment on either both stimuli or on the com- 
parison gray alone. This absolute judgment always took a vocal- 
motor form, which in the case of Observer C. was accompanied 
by. verbal auditory imagery as well. Practice seemed to have 
relatively little effect in this series. The reports of Observer Fs. 
show no appreciable change in her processes as the experiment 
proceeded. In the cases of Observers O., C. and B., there was 
a tendency for the absolute judgment on the second gray to be- 
come more and more frequent, until in the case of observers O. 
and C., they reported that they never perceived the standard gray 
at all except as a sort of verification process following the 
formulation of the judgment. 


5. The Attributive Pattern of the Process of Comparing which 
led to the Formation of the Equality Judgments 
The process of comparing our stimuli which led to the forma- 
tion of equality or of doubtful judgments were at times so dif- 
ferent from those processes which led to the formation of the 
difference judgments that we have felt the necessity of treating 
these two classes under different sections. 
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The Comparing of Lifted Weight Stimuli 


In the comparing of lifted weight stimuli, Observer W. re- 
ported practically the same type of procedures as in the case of 
the difference judgments in the early stages of practice. In this 
stage, his process consisted in a successive focal awareness of a 
kinaesthetic, tactual and visual image of the standard stimulus 
with the perception of the comparison weight. Observer W. 
reported that the equality judgments were as rapid and as im- 
mediate in this stage of practice as were the difference judg- 
ments. The doubtful judgments were due to an inability to hold 
the imaginal representation of the standard stimulus up to the 
perception of the comparison stimulus. Such judgments con- 
sisted merely in an absolute judgment regarding the intensity 
of the comparison stimulus and were always accompanied or 
followed by unpleasant affective processes. In the later stages 
of practice in this series, the difference between the processes 
which led to the formation of a difference and an equality judg- 
ment became apparent. In this later stage of practice, this observ- 
er reported the presence of an actual innervated muscular set con- 
tinuing from the lifting of the standard stimulus until the actual 
lifting of the second weight. The judgment of difference con- 
sisted in an awareness of a difference in either the speed or height 
of the second lift over this motor preparation and also of the 
direction of the change. Then the judgment was vocalized at 
once. In the case of the equality judgments, however, this sub- 
ject reported that he was aware that there was “no difference” 
betwen the motor set and the actual lifting of the second weight. 
But then, the sensations of the lifting of the comparison stimulus 
remained focal in consciousness up to the top of the lift. Then, 
when the weight was stationary at the top of the lift, a kinaes- 
thetic image of the lifting of the standard stimulus, refered to 
the left in a visual spatial manner, became focal in consciousness, 
and hence another successive comparison of the image of the 
standard stimulus and the sensations of the comparison stimulus 
was made. 

Observer Fs. also showed very little difference in the processes 
which led to the formulation of a difference and of an equality 
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judgment in the early stages of practice. In the later stages, 
however, a difference was apparent. This observer also em- 
ployed, almost exclusively with later practice, the kinaesthetic 
criteria but reported the presence of an image of the first stimulus 
rather than an actual innervated set. The equality judgments 
for this subject were of two sorts. The first type of equality 
judgment was of a positive and immediate sort. This observer 
was aware that the sensations of the lifting of the comparison 
stimulus exactly “duplicated the intensity of the image” of the 
lifting of the standard stimulus. In such a case the judgment 
was vocalized at once. A second type of process of a negative 
sort was also reported in the formulation of the equality judg- 
ment. In this case, Observer Fs. was able to “note no difference” 
between the intensity of the kinaesthetic image of the standard 
stimulus and the sensations of the lifting of the comparison 
weight. In such a case the judgment was not vocalized until 
after a verification process, which consisted in a successive focal 
awareness in consciousness of a kinaesthetic image of the lifting 
of the standard and comparison stimuli. 

Observer Wd. also reported different types of process leading 
to the formation of the difference and the equality judgments. 
In the case of a difference judgment, the vocalization was made 
at once. In the case of the equality judgment, however, in the 
early stages of practice, there was always a subsequent verifica- 
tion process which consisted in a successive focal awareness of 
the sensations of the lifting of the second weight and a kinaes- 
thetic image of the lifting of the standard stimulus. This kin- 
aesthetic image of the lifting of the standard stimulus came into 
consciousness always when the comparison weight was stationary 
at the top of the lift. Such a procedure was at times reported for 
the difficult difference judgments but it was invariably reported 
for the equality judgments. This verification process for Ob- 
server Wd. was always accompanied by unpleasantness and in- 
tensive bodily strains. With later practice, the difference in the 
processes which led to the formulation of the difference and 
equality judgments seems to have been eliminated. But with the 
utilization of the actual kinaesthetic set between the two liftings, 
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the equality judgment took on the character of a negative “no 
difference” type rather than that of a positive equality. 

Very little difference could be found in the types of process 
employed by Observer P. in the formulation of the difference and 
equality judgments. This observer, however, had the negative 
type of equality judgment and the awareness of “no difference” 
between the imaginal representation of the standard stimulus and 
the sensations of the lifting of the comparison stimulus was 
always accompanied by unpleasantness. Observer F. also re- 
ported no difference between the processes leading to the differ- 
ence and equality judgments. This was to be expected, inasmuch 
as this observer employed with later practice, a visual schema 
and the formation of absolute judgments exclusively on each of 
the two stimuli. 

In summary, then, we find that for all of our observers except 
F,, namely,—W., Fs., Wd. and P.,—in the early stages of 
practice the equality judgment was usually followed by a veri- 
fication process which consisted in a successive focal awareness 
of an imaginal representation of the standard stimulus with the 
sensations of the lifting of the comparison stimulus. The image 
of the standard weight always came into consciousness and for 
an instant was focal while the comparison stimulus was station- 
ary at the top of the lift. All these subjects who with practice 
developed an actually innervated set between the two liftings, 
were prone to have a negative type of process for the equality 
judgment, i.e. it was rather an awareness of “no difference’’ be- 
tween the set and the sensations of the second lifting than of an 
awareness of positive equality. The experiences of positive 
equality were sometimes reported however. In such cases, a 
verification process such as that described above followed this 
awareness before the vocalization of the judgment. Such a type 
of process was more or less invariably accompanied by unpleas- 
antness and, for some observers, by general intensive bodily 
strains. Observer F. showed no difference in the processes 
which led to the difference and equality judgments. But it will 
be remembered that this observer employed exclusively an ab- 
solute judgment on each of the weights of a pair, and also a 
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visual schema of these absolute judgments. Hence in the case 
of this subject, the negative type of equality judgment would 
not have been so apparent. 


The Comparing of Visual Extents 


In the comparing of visual extents the processes which led to 
the formulation of the difference judgments did not vary appre- 
ciably for Observer W. from those which led to the equality 
judgments, in the early stages of practice. With continued prac- 
tice, however, and with the use of the accommodation type of 
criterion, the differences between these two types of judgment be- 
came apparent. In the case of the difference judgment, the com- 
parison stimulus would be perceived in the presence of an actually 
innervated muscular set of the muscles of accommodation. With 
the perception of the comparison line the subject was aware, 
either of an increase or decrease in the intensity of this set. In 
the case of the equality judgments, the awareness was of a 
negative character,—namely Observer W. reported that he was 
aware that no change had taken place in this muscular set of 
accommodation. In this case, instead of an immediate vocaliza- 
tion of the judgment, a verification process was set up. This con- 
sisted in an alternating perception of each of the two stimuli 
several times with the strain sensations of accommodation focal 
in consciousness ; and even, at times, of a falling back on the other 
kinds of process used in the earlier stages of practice. These con- 
sisted in the use of a visual image of the standard stimulus, the 
perceptual clearness of the two ends of the lines without eye- 
movement, the comparing of the kinaesthesis of eye-movement 
across the lines and the like. Hence the equality judgment for 
this subject was never so immediate or rapid a process as was that 
for the difference judgments. The equality judgments, however, 
after the verification processes were vocalized with a high degree 
of subjective assurance. 

In the comparing of the length of lines, the processes reported 
by Observer Fs., in the early stages of practice, were of the type 
of eye-movement across the two lines. In the case of the equality 
judgment, she would make a certain movement across the stand- 
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ard line and then across the comparison line. Then she would 
find herself fixating and clearly perceiving the exact end of the 
comparison line. In the case of the difference judgments, she 
was aware either of clearly perceiving a part of this line or of 
some of the white card beyond the line after this movement. 
The formulation of the equality judgments were quite as rapid 
and immediate as those of the judgments of difference and the 
vocalization occurred at once. At a later stage of practice, Ob- 
server Fs. used the accommodation type of process employed by 
several of our other subjects. In this case, equality judgments 
were usually followed by a verification process, for Observer Fs., 
which consisted of alternating perceptions of the two lines; 
while, in the case of the difference judgments, no such verifica- 
tion process was present as the judgment was vocalized at once. 

Observer O. had a group of processes very similar to those re- 
ported by Fs. in this series. Throughout the entire experiment 
Observer O. employed the muscular experience of eye-movement 
over the standard line and then across the comparison stimulus 
for a certain distance. Then he was aware of a sudden stopping 
of this movement apparently due to a motor preparation set up 
by the excursion over the first line. Then, in the case of the 
difference judgments, he would be aware of focally perceiving 
either a part of the line or some of the white card beyond the line 
and the vocalization followed at once. In the case of the equality 
judgments, he would be perceiving the exact end of the com- 
parison line. In such a case unpleasantness and general bodily 
strains would be present. Then this observer would have a veri- 
fication process, which consisted in an alternating successive 
visual and kinaesthetic perception of the two lines until the end 
of the exposure. Only then would the judgment be vocalized. 

There was not so much difference between the processes which 
led to the formulation of the difference and equality judgments 
for Observer S. Up to the formulation of the initial judgments 
the processes were essentially the same. When the visual imaginal 
comparisons were made, the visual image of the standard line 
would be just as long as the perceived comparison line. In the 
case of the kinaesthetic procedures, of eye-movement across the 
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lines or of “compassing” the lines with the hand, in which cases 
an innervated muscular set was reported, the judgment of 
equality was always of a negative character,—an awareness of 
no change having taken place in the set. Such judgments were 
always followed by a verification process which consisted in a 
mere repetition of the particular process used. This verification 
process was also at times employed in the case of a difficult dif- 
ference judgment, but it was more often repeated and was of 
greater duration in the case of the equality judgments. 

The processes of Observer C. present the same characteristics 
as those of S. In the case of a motor criterion being used which 
involved an actual set, the judgment of equality was always of a 
negative character of an awareness that no change had taken 
place in the muscular set. In such cases there was a repetition of 
the process, frequently several times, before the vocalization of 
the judgment. 

Observer B. reported two types of process so far as the equality 
judgment was concerned. If the process was essentially the 
simultaneous comparison of a visual image of the standard line 
and the perception of the comparison line, the equality judgment 
was as immediate as the difference judgments and the vocaliza- 
ation occurred at once. In the case of the use of a kinaesthetic 
criterion and particularly that of eye-movements involving a 
motor set, the first formulation of an equality judgment was 
always accompanied by unpleasantness and general bodily strains, 
and was followed by a verification process before the vocaliza- 
tion of the judgment. 

In summary, we find that in the cases of Observers W., S. and 
B., when the process consisted of a simultaneous comparison of 
a visual imaginal representation of the standard line and the 
perception of the comparison line, that we are unable to find any 
essential difference in the processes leading to the formulation 
of an equality or of the difference judgments. In those cases 
where the process consisted of eye-movements across the two 
lines which involved a motor set, as in the cases of Observers W., 
Fs., O., S., C. and B., an equality judgment was always followed 
by a verification process, which consisted in a continued examina- 
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tion of the two lines before the vocalization of the judgment. 
Such a verification process was usually accompanied by unpleas- 
antness and an awareness of general bodily strains. In those 
cases where the process consisted in the carrying over to the com- 
parison line of a distinct motor set in the muscles of accommoda- 
tion due to the perception of the standard line, the equality judg- 
ment takes on a negative character. Hence Observers W. and C. 
reported, in the case of the equality judgments, a mere aware- 
ness of “no change” in the motor set following the perception of 
the comparison line. The procedure employed by Observer S. 
of “compassing” the lines with his fingers and holding an actually 
innervated set to the comparison line should essentially be in- 
cluded in this group although a different set of muscles were em- 
ployed. Observer Fs., however, described the equality judg- 
ment in more positive terms. She reported that the difference of 
equality of the two lines “stood out” upon her perception of the 
comparison line. But it will be remembered that the visual per- 
ception for this subject was much more focal than the kinaesthe- 
tic sensations of accommodation changes. For all of these four 
subjects,—W., C., S. and Fs.,— the formation of such an initial 
equality judgment was followed by a more or less extended 
verification process and usually by an awareness of unpleasant- 
ness and general bodily strains. 


The Comparing of Auditory Intensities 

The difference between the processes which led to the formula- 
tion of difference and equality judgments are perhaps brought 
out more clearly by this series of experiments than by any other. 

Observer W. showed the difference very clearly. It will be re- 
meinbered that, very soon with practice, the process for this 
observer consisted in a brief auditory perception of the standard 
stimulus. This was followed by a rather widespread motor re- 
action, involving muscles in the face and body, and this reaction 
was held in an actually innervated muscular set up to the per- 
ception of the comparison stimulus. Immediately following a 
brief auditory perception of the second sound, in the case of 
the difference judgments, this subject was aware of either an 
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increase or decrease of the intensity of the muscular strains of the 
set and vocalization of the judgment immediately followed. In 
the case of the equality judgments, the process was exactly the 
same up to the perception of the comparison sound. Then, im- 
mediately following the perception of the second stimulus, this 
subject reported a mere awareness of no change in this muscular 
set. The negative character of the equality judgment is evident 
throughout all of his protocols. In a few cases, this awareness 
of no change in the muscular set following the perception of 
the comparison stimulus was followed immediately by a vocaliza- 
tion of the judgment. In most cases, however, a long and com- 
plicated process of verification was present. This consisted in a 
rehabilitation of the entire experimental procedure,—first an 
auditory image of the standard stimulus followed by the mus- 
cular reaction which was held as a set; then an auditory image 
of the comparison stimulus followed by a focal awareness that 
no change had taken place in the muscular set. This was accom- 
panied throughout by a visual imaginal schema of the experi- 
mental situation behind the screen. Then vocalization of the 
equality judgment followed. 

The processes leading to the equality judgment as reported by 
Observer Fs. were almost identically the same as those described 
just above for Observer W. The equality judgment for her 
was always of the negative character of no change in the mus- 
cular set and was always followed by a verification process which 
consisted in a rehabilitation of the entire experience,—auditory 
images of both sound stimuli, vocal-motor processes of humming 
and the actual kinaesthetic reaction or “cringe” in the face and 
eyes, before the vocalization of the judgment. 

Observer S. spoke of the character of the equality judgment 
in more positive terms. Instead of reporting that no change had 
taken place in the muscular set following the perception of the 
comparison stimulus, he reported an awareness of the strains 
becoming focal and that they “just persisted.’”” He however re- 
ported that an experience which culminated in an equality judg- 
ment was always followed by a verification process, which 
consisted in a revival,—often several times successively,—of 
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non-focal auditory images of the two stimuli and a focal aware- 
ness of actual kinaesthesis of reaction held in a set from the 
image of the standard to that of the comparison stimulus. Such 
a verification process was invariably accompanied by unpleasant- 
ness. 

Observer O. spoke of the awareness of the muscular set follow- 
ing the perception of the comparison stimulus in both positive 
and negative terms. He reported either that the reaction after 
the second stimulus “fitted into the set” or that he was aware 
of no change in the set. There was no verification process re- 
ported by this observer and the equality judgments were vocalized 
as immediately and with as high a degree of subjective assurance 
as were the difference judgments. 

Observer C. also described the process of the equality judg- 
ment in more positive terms than some of the subjects. He spoke 
of a continuation of the motor set following the perception of 
the comparison sound rather than of a negative awareness of no 
change in this muscular strain. The difference judgments, how- 
ever, tended to be vocalized more rapidly than the equality judg- 
ments. This was because a verification process intervened be- 
tween the initial formulation of the equality judgment and the 
vocalization. This verification was an auditory imaginal and 
kinaesthetic rehabilitation of the entire former experience and 
was usually accompanied by strains and unpleasantness. 

Observer B. reported a negative sort of no change awareness in 
those cases where kinaesthetic processes were employed. Observer 
T. also reported this same negative sort of awareness in the 
case of the equality judgments. This observer then had a re- 
habilitation of the muscular sets accompanying the standard and 
comparison stimuli without, however, the auditory images of 
these sounds mediating the awareness of the muscular reaction as 
was the case of our other subjects. 

In summary, then, we find that Observers W., Fs., B. and T. 
always described the process leading to the formulation of the 
equality judgments in negative terms in those cases where a 
motor set was the essential part of the process of comparing. 
Our other Observers C., S. and O. reported the persistence of this 
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motor set in positive terms rather than in the negative terms of 
“no change” following the auditory perception of the comparison 
stimulus. Observer S. always spoke of this persistence in 
positive terms; while Observers C. and O. spoke of it sometimes 
as a positive and sometime as a negative awareness. All of our 
subjects except Observers O. and B., namely W., Fs., C., S. and 
T.,—always reported a verification process following an initial 
judgment of equality. This verification process consisted in the 
case of Observer W., of a rehabilitation of the entire experience, 
involving auditory images of both stimuli, the kinaesthetic re- 
action and set and a visual imaginal schema of the general ex- 
perimental situation. For Observers Fs., C. and S., this rehabili- 
tation involved only auditory and kinaesthetic factors; while, for 
Observer T., it involved only the rehabilitation of the motor set. 
Such a process was usually accompanied by unpleasantness 
and general bodily strains. The vocalization of the judgment 
did not come immediately after the initial judgment had been 
formulated, as in the case of the difference judgments, but only 
after the completion of this verification process. Observers O. 
and B. did not report any such verification process but for them 
the judgment of equality was as immediate as that of difference. 


The Comparing of Visual Brightnesses 


Weare unable to find any differences in the processes described 
by Observer Fs. which led to the formulation of a difference or 
an equality judgment in this experimental series. The equality 
judgments were quite as immediate as those of difference. 

Such was not the case, however, with all of the other observers 
who took part in this series. Observers O., C. and B. reported, 
after the initial formation of an equality judgment, a successive 
visual perceptual alternation of the two stimuli a number of 
times. In the case of Observer C. this continued throughout the 
entire time of the exposure. For Observer B. the general pro- 
cedure was changed. Her first perception was of the two grays 
simultaneously. In her verification process, she perceived each 
clearly in successive fashion, and then returned to the procedure 
of fixating between the two stimuli and of perceiving both 
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simultaneously with an equal degree of focality. This entire 
process was accompanied throughout by a vocal-motor charac- 
terization of each of the stimuli. Such a procedure of verifica- 
tion was also reported by Observer C. and was accompanied by 
hesitation, general bodily strains and unpleasantness. 

In summary, we find that there were no differences in the 
processes described by Observer Fs. which led to the formation 
of equality or difference judgments. This observer employed 
absolute judgments of the two stimuli almost exclusively in this 
experimental series. All of the other subjects differed in their 
procedures in the two cases. In the case of a difference judg- 
ment the vocalization came immediately after the completion of 
the initial experience. In those cases when the initial judgment 
was one of equality, this was followed for Observers O., C. and 
B., by a continuation of the process. Indeed in the case of Ob- 
server C., the process continued until the end of the exposure. 
Observer C. also reported unpleasantness and general bodily 
strains accompanying this verification process. Observer B. 
actually employed, in verification, a different sort of process than 
that employed in the initial experience,—changing from a simul- 
taneous to a successive alternating perception of the two gray 
stimuli. 














V. Discussion and Summary 


In our general discussion, let us first consider the relation of 
our own results with those of the investigators who have pre- 
ceded us. These earlier experimental investigators had already 
shown the fallacies of the positions of Aristotle and of Locke. In 
the first place they have shown that the process of comparing does 
not involve a mere simultaneous comparison of a concrete 
imaginal representation of the standard stimulus in the same 
modality, with the perception of the second stimulus. This en- 
visagement of the problem, as advanced by Aristotle, is some- 
times true, but later investigation has shown that the imaginal 
representation of the first stimulus may be of other modalities 
than that of the stimulus. Besides these other surrogate images, 
the process of comparing may at times not be an actual com- 
parison at all, but rather a mere absolute judgment on one or the 
other of the two stimuli. Our present results amply confirm the 
experimental findings which have been brought forward in 
criticism of the old Aristotelian view. 

The concept, advanced by Locke, that comparing is a simple, 
immediate and unanalysable mental faculty has also been success- 
fully dispelled by all of the recent experimental work. Our own 
results again are in exact accord with these earlier experimental 
findings. We now recognize that comparing is a process capable 
of analysis and description from the various attributive 
aspects. The fact that this present paper has been written at 
all, as well as the introspective studies of this process by earlier 
investigators, is sufficient proof of the incorrectness of this view 
of a “faculty” psychology, so largely held by psychologists and 
philosophers from the time of Locke until as recently as the work 
of Bain. We may also dismiss the concept of Fechner with prac- 
tically a word. When the general concept of the “innervation 
sense” was successfully criticized and abandoned by psychol- 
ogists, Fechner’s concept of the process of comparing lifted 
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weights in terms of judgments regarding the intensity of the 
“sensation of innervation” had obviously to fall with it. 

Next, then, chronologically, comes the experimental work re- 
ported by Miller and Schumann, which was so instrumental in 
finally combatting the Fechnerian concept of the “innervation 
sense.” These authors believed that each weight was lifted with 
the same motor impulse and hence the speed and height of the 
lifting of the comparison stimulus became of primary importance 
for these investigators. With this view we have the beginning 
of the emphasis of the sensory group of kinaesthetic sensations 
in the formation of such comparison judgments. Martin and 
Miiller, as the result of a later experiment, have extended the 
concept by further describing the attributive aspects of this pro- 
cess. Miller and Schumann merely stated that both weights are 
lifted with the same motor impulse. Martin and Miller now ex- 
plained the mechanism of this process. They reported that the 
second stimulus is lifted in the presence of a kinaesthetic set or 
Einstellung occasioned by the lifting of the first weight. As we 
understand Martin and Miller they conceived that this set was 
not conscious but that it was on the physiological level, and that 
its presence could only be demonstrated by its effect during the 
lifting of the second weight. We owe another great debt to the 
work of Martin and Miller, namely in the pointing out of in- 
dividual differences in the process of comparing lifted weight 
stimuli; both between different individuals and for the same 
individual from time to time. It is due to them that we have the 
emphasis of the absolute impression of each of the stimuli and 
the influence of this impression upon the formation of the com- 
parison judgment. For these authors, such an absolute impres- 
sion is an immediate experience and seems to be present to con- 
sciousness in tactual and kinaesthetic sensory terms. Also these 
authors describe very fully the case of Observer Henri, whose 
processes were markedly different from those of the other ob- 
servers employed in the investigation. Henri used, almost ex- 
clusively, the absolute impression of each of the stimuli, but this 
process was mediated by the presence of a visual imaginal schema 
which the authors carefully described. Fullerton and Cattell 
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published experimental findings which they believed refuted the 
earlier investigation of Miiller and Schumann. They emphasized 
the cutaneous factors as well as the kinaesthetic, inasmuch as they 
believed that the subject holds each weight with just enough 
pressure to keep it from slipping out of his fingers. Kinnaman 
also analysed this process of comparing lifted weight stimulli. 
His major contribution is to point out that this process consists 
of a large number of factors and that at different times any one 
of these may become focal. Also, if kinaesthetic processes are 
employed, Kinnaman believed that the judgment was made on 
the basis of sensations at the very beginning of the lifting of 
the second stimulus and that the overcoming of the inertia to 
start the weight seemed to be the important factor. Finally 
Hayden emphasized the factor of the verbal characterization of 
the stimuli. This verbalization of the absolute impression is of 
great importance in this process, Hayden believed, although he 
accepted the Martin and Miiller concept for a motor set. He 
insisted, however, that the impulse to this adjustment is largely 
a verbal image which gives the position of the standard weight 
in a scale of values. 

Our results are curiously in accord with practically all of 
these experimental studies, paradoxical as this may seem. We 
would still further emphasize, however, the complex character 
of the process of comparing lifted weight stimuli, as advanced by 
Kinnaman. This is particularly true in the earlier stages of 
practice. We believe, on the basis of our experimental results, 
that the findings of both Martin and Miiller, on the one hand, 
and of Fullerton and Cattell, on the other, are entirely correct. 
The apparent difference between these two sets of findings is 
that they are representative of two different stages of practice. 
We find, in the earlier stages of practice for all of our subjects, 
that the Martin and Miller factor of the motor set is not present. 
The judgments are made on the basis of a kinaesthetic and tactual 
imaginal representation of the first stimulus compared with the 
sensations involved in the lifting of the second weight. Hence 
the picture of this stage of practice is very similar to the process 
as described by Fullerton and Cattell. We would not, however, 
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emphasize the focality and importance of the tactual sensations 
as these authors have done. Nevertheless the tactual sensations 
were of great focality and importance from our Observers W., P. 
and F. Indeed Observer F. employed the exact form of process 
described by Fullerton and Cattell, inasmuch as he reported the 
focality of the tactual sensations on the ends of the fingers, and 
also reported that each stimulus was grasped with just enough 
force to keep it from dropping. For our other observers, how- 
ever, the tactual factors were either not reported or they were 
said to be present with a relatively low degree of clearness. For 
these observers the kinaesthetic factors seemed to be of much 
greater importance and they were certainly present to conscious- 
ness with a much greater degree of vividness. However, the im- 
portant point for this present discussion is a substantiation of 
the claim of Fullerton and Cattell that at times the Martin and 
Miiller factor of the comparison stimulus being lifted in the 
presence of a kinaesthetic set, and that the formation of the 
judgment is dependent upon the speed and height of the lifting 
of the comparison weight, is not true. We find, on the basis of 
our experimental data, that this absence of the motor set, how- 
ever, is true only for the early stages of practice.’ 

We also find that our results are in gratifying close agreement 
with those of Martin and Miiller, with but a single and in a sense 
non-essential exception which we will consider later. But this 
agreement is true only for our results at late stages of practice. 
Indeed the description which Martin and Miller give of the pro- 
cess of comparing is even closer for this process, as we found it 
in later stages of practice, than is the description of Fullerton 
and Cattell for the process in our early practice. We found in 
late practice, and in agreement with Martin and Miller, the 


1 Since the writing of this paper we have seen some evidence that is, at 
least, confirmatory to part of our present contention,—namely, that the sub- 
jects employed by Fullerton and Cattell were relatively untrained. M. Cowd- 
rick, The Weber-Fechner Law and Sanford’s Weight Experiment. Amer. 
Jour. of Psychol., XXVIII, 1917, 585-588, finds that for practiced subjects 
the results in lifted weight experiments closely approximate the Weber- 
Fechner Law, while for unpracticed subjects the results more nearly ap- 
proximate the so-called Square Root Law of Fullerton and Cattell. 
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presence of a motor set or preparation occasioned by the lifting 
of the first weight. Then the comparison stimulus was lifted in 
the presence of this motor set and the process of comparing con- 
sisted essentially in an awareness of the speed and height of the 
lifting. This was true for all of our observers but one,—namely 
Observer F. This latter, interestingly enough, developed with 
practice a type of process which was almost identical to that em- 
ployed by the Observer Henri in the earlier investigation. This 
consisted in the use of the absolute impression of each stimulus 
with a mediating visual imaginal schema. It turns out that the 
visual schema for these two subjects were identical as nearly as 
we can tell from the descriptions. We would also emphasize the 
presence, from time to time, of the absolute impression for other 
observers. Furthermore, and in accord with the statements of 
Martin and Miller, we believe that this absolute impression is an 
immediate tactual-kinaesthetic experience. As least, we were 
unable to obtain any analysis of this experience from our ob- 
servers. 

We would make this very radical distinction, however, from 
the analysis of the process of comparing as advanced by Martin 
and Miller. So far as we can tell from their statements, they con- 
ceived the motor set in the presence of which the comparison 
stimulus was lifted, largely in terms of an experience on the 
physiological level, and either without accompanying conscious- 
ness at all or with a very low degree of clearness. The ex- 
periences of our observers lead to very different conclusions. 
They were all very highly conscious of this motor set and 
practically all of them described it emphatically as an actual 
innervation of the muscles,—‘as an actual muscular tetanus” 
and not as an image or a process on the physiological level. It 
is rather difficult to make a comparison of the two studies here. 
Martin and Miiller were much more interested in the effects of 
this set than in the academic question involved and so do not 
express themselves with as much clearness on this point as one 
might wish. Also they publish very few of their introspective 
reports so that a study of these is unfruitful in clearing up the 
point. We hope to show later in this discussion that the concept 
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that this kinaesthetic set is an actual innervation of the muscles 
accompanied by a consciousness of the muscular strain, explains 
a great deal more either than the concept of this being an imaginal 
experience or of it being an actual innervation but on the physiol- 
ogical level and without conscious representation. 

Our results agree only in part with the findings of Hayden. 
The results of the two studies agree in that we also find verbal 
characterization of the stimuli frequently forming a part of the 
experience of absolute impression, although we would by no 
means emphasize it to the extent that we find in Hayden’s con- 
clusions. But we find no evidence at all that this verbal char- 
acterization of absolute impression is the important factor, or 
even an essential factor, in forming the motor adjustment follow- 
ing the perception of the standard weight. Our results show, 
rather, that the lifting of the standard stimulus itself is the im- 
pulse to the formation of the motor set or adjustment. 

Our results are also in more or less accord with the findings 
of Whipple in his study of discrimination of tones and clangs. 
We find, in the first place, that the imaginal representation of 
the standard tone need by no means be of the same modality as 
the standard stimulus. Whipple reports that in some experiences 
an auditory image of the standard stimulus may be present in 
consciousness and may not be focal; while, in other cases, there 
is no trace at all of an auditory image. Our results confirm this 
finding, except that we would insist that, after considerable 
practice, all of our subjects reported the absence of the auditory 
image as the rule rather than as the exception. We would em- 
phasize, therefore, especially after practice, the presence of 
factors other than the auditory, and especially the kinaesthetic, 
in the comparing of auditory intensities. Indeed Whipple has 
given a picture of the experiences in which no trace of an auditory 
image is apparent, which closely resembles that given by our 
subjects. Whipple says that such experiences are “largely an- 
alysable into complexes of strain sensations with less prominent 
visual and organic elements, set free neurologically by the com- 
parison stimulus.’”” We would emphasize still further the kinaes- 
thetic factors rather than the visual and organic elements. In- 
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deed Whipple makes this same emphasis as he continues: “The 
two chief factors, feelings of tightening and relaxation for higher 
and lower respectively . . .” This intimates that the process 
consisted essentially in the holding of a motor set which then in- 
creased or decreased in intensity after the perception of the com- 
parison stimulus. This was identically the process reported by 
our observers. Also Whipple reports that in the formation of 
the “equality judgment there is an alternation of auditory images 
and a real comparison.” This appears to be identical to the 
verification process so frequently reported by our observers. We 
would differ from Whipple in one respect, however, and that is 
in our emphasis of the kinaesthetic factors in such a verification 
process. Our subjects reported usually the presence of such 
auditory images but they seemed to be a mere rehabilitation of 
the experimental situation, and then the kinaesthetic set and the 
muscular strain sensations became very much more focal. How- 
ever, our results are in surprisingly close agreement with those of 
Whipple. This is true in regard to the insistence that, in 
auditory experiments, the presence of an auditory image of the 
standard stimulus is not essential. Secondly we both emphasize 
the kinaesthetic factors in such a process and, so far as we can 
tell, it would appear that the description of the kinaesthetic 
set was at least intimated by Whipple’s observers, as it was re- 
ported by those in our investigation. Furthermore, the two 
studies agree essentially regarding the character of the process 
underlying the formation of an equality judgment. 

With regard to our experiments with visual brightnesses as 
stimuli, we have little material with which we may compare our 
results. This is largely because both Angell and Bentley, in 
working with visual brightnesses, exposed their stimuli in suc- 
cessive fashion and with rather long intervals between the stand- 
ard and comparison stimuli, while we exposed our stimuli 
simultaneously. Our own results amply verify some of the 
findings of their observers, however. Angell observed, for his 
short exposures, that his subjects attempted to keep uniform 
sensory conditions, such as bodily strains, breathing and the like 
for both of the stimuli. We observed a similar tendency for all 
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of our subjects. Also Angell and Bentley both emphasize the 
presence and importance of verbal processes in characterization 
of the stimuli. This was a very frequent type of process for 
our own observers. We are unable to make any comparison of 
Bentley’s type of visual imaginal process with our own results. 
This type of process was not reported by our observers. The 
reason for this is very obviously to be found in the differences 
in the manner of the presentation of the stimuli in the two ex- 
periments. In Bentley’s experiment, where a successive pre- 
sentation of standard and comparison stimulus was employed, 
the presence of a visual image of the first stimulus would be ex- 
pected. This procedure was not used in our experiments, 
in which the two stimuli were exposed simultaneously. Instead 
we found a visual perceptual process, inasmuch as it was possible 
for our observers to perceive both stimuli, or at least parts of 
them, simultaneously. 

We are unable to find in the literature an introspective analysis 
of the process of comparing any materials similar to the visual 
extents such as we employed. The results of this series of ex- 
periments, however, are extremely closely in accord with the 
results in the lifted weight series. In the early stages of practice 
we would emphasize the extreme complexity of the process, and 
here our results would agree with those of Kinnaman’s experi- 
ments with lifted weights. As time went on, and with progressive 
practice, the kinaesthetic factors were singled out, and finally we 
find the development of a definite kinaesthetic set or Einstellung 
entirely comparable to the motor preparation described by Martin 
and Miiller for lifted weight experiments. The only difference in 
the motor set as described by Martin and Miller, for lifted 
weights and by our own subjects for the comparing of visual ex- 
tents, is in the localization of the particular muscles"involved and 
also in the case of the earlier investigation it is described as being 
on the physiological level; while in the present investigation this 
set was described as being very highly conscious. 

In summary, then, we find that our results are curiously in 
accord with those of the experimental studies which have pre- 
ceded this one. It is gratifying and interesting to note that 
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they are in accord with the results of both Fullerton and Cattell, 
on the one hand, and with those of Martin and Miiller, on the 
other hand, paradoxical as this would seem. But we find that 
the difference in these two sets of results is due to the fact of 
their being pictures of the process of comparing at different 
stages of mechanization, due to the progressive practice which the 
subject obtains during the experimentation. Thus the type of 
process for the comparing of lifted weights, as described by 
Fullerton and Cattell, is essentially the process as described by 
our subjects in the early stages of practice. We would, however, 
in agreement with Kinnaman, insist that the process is very much 
more complex than the description given by Fullerton and Cattell. 
One of our observers, however, P., gave a description of the pro- 
cess in these early stages which seems to be exactly similar to 
that described in the earlier investigation. On the other hand, the 
reports of our observers for the later stages of practice in the 
lifted weight experiments, are almost identical to those described 
by Martin and Miller. This is true for the description and em- 
phasis of the motor set, in the presence of which the comparison 
weight is lifted; for the presence and character of the absolute 
judgments; and for the apparently anomalous case among the 
observers. Thus our Observer F. and Observer Henri, in the 
former investigation, both developed a form of absolute judg- 
ment with a mediating visual imaginal schema which was very 
similar if not identical. We differ from Martin and Miller only 
in that we would lay more emphasis on the highly conscious char- 
acter of the motor set. We conceive the impulse to the formation 
of this motor set, however, in the same terms that they do,— 
namely by the lifting of the standard weight directly and not, as 
it is explained by Hayden, by the verbal characterization of the 
intensity of the standard stimulus. Our results, in the experiment 
of the comparing of visual extents, are also completely in accord 
with these experiments with lifted weight stimuli. Unfortunately, 
there are no introspective analyses in the literature of the process 
of comparing lengths of lines with which we may directly com- 
pare our results. 

We are also unable to make any direct and very fruitful com- 
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parison of our results in the experiments with visual brightnesses 
and those of the former studies which employed such stimuli. 
The reason for this is that both Angell and Bentley employed 
a successive exposure, while we employed a simultaneous ex- 
posure of the two stimuli. However, we would emphasize, along 
with both investigators, the frequency of occurrence and the im- 
portance of the verbal characterization of the two stimuli in the 
making of such determinations. Our results are also in agree- 
with those of-Angell in the fact that our subjects kept constant 
conditions of observation throughout the experience. Our re- 
sults are also in complete accord with those of Bentley with re- 
gard to the fact that the simple comparing of two gray stimuli is 
capable of a considerable latitude of modes in which the process 
may be present. 

Finally, our results in the comparing of sound intensities are 
in accord with those of Whipple. The observers in both in- 
vestigations reported the presence of processes in which the 
auditory image was very focal, and also processes in which there 
was no trace of an auditory image. In these latter experiences, 
the subjects in both investigations reported the presence primarily 
of sensations of muscular strains. Furthermore we believe that 
the process in these cases is exactly similar,—consisting essen- 
tially of the presence of a kinaesthetic set, present from the per- 
ception of the standard stimulus up to the perception of the 
comparison stimulus. Although Whipple does not describe this 
motor set, nevertheless his description would most certainly imply 
that such a set had been present. 

In the light of our results, however, these earlier investigations 
seem to be lacking in two respects. In the first place they have 
all failed to note differences in the processes of comparing for 
different stages of practice. This we believe is the sole basis for 
the Fullerton and Cattell-Martin and Muller controversy. In the 
second place, these investigations have failed to give an adequate 
and complete description of this process. We are able to amplify 
these earlier descriptions, we believe, largely because of the great 
advances which have recently been made by the method of sys- 
tematic, experimental introspection. 
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The description of the process of comparing for all of our four 
experimental materials is exceedingly simple as considered from 
the structural point of view. Our observers reported the frequent 
presence of images and of sensations of different modalities. In 
the case of lifted weights, sensations and images of a kinaesthetic, 
visual and tactual sort were reported. In the cases of lengths of 
lines, tones and visual brightnesses, these processes were described 
largely as visual and kinaesthetic. There was a tendency in all 
of these series for the different modalities to be very frequently 
present in the earlier stages of practice. With variable periods of 
practice, there was a tendency for the kinaesthetic experience 
either to be reported alone or to be focal. Furthermore, as a result 
practice, there was a tendency for the observers to describe this 
kinaesthetic experience as a sensation, where formerly they had 
described it as an image. Affective experiences were either in- 
frequently mentioned by some of our subjects or they were not 
mentioned at all by others. In those cases where affective pro- 
cesses were mentioned, they did not seem to be an essential part 
of the process of comparing, but rather referred to the degree of 
subjective assurance of the observer. In this respect our results 
agree entirely with the experimental portion of Marbe’s investiga- 
tion of the judgment consciousness. The experimental arrange- 
ments and the materials of the two studies were so different that 
a detailed comparison is not possible. Both Marbe’s and our own 
subjects discovered, however, only the elemental processes of 
sensations, images and affections. Marbe expressed this finding 
in negative terms when he said that he was unable to find any 
new structural element which differentiated the judgment from 
a mere association of ideas. He continued, then, to say that such 
a difference undoubtedly exists, and he believes that the difference 
is to be found in the intention of the observer to judge. We be- 
lieve that a very different interpretation is to be placed upon these 
findings. It is true that there are no apparent structural ex- 
periences which differentiate the higher mental processes from 
one another. The differentiation is rather to be sought in the 
synthetic aspects. That is, in making such a differentiation, it 
does not seem to be so essential what is present in consciousness; 
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but rather the emphasis must be on how this content is present. 
This is the view held recently by several investigators in the 
field of the higher mental processes.’ 

Let us consider then the particular pattern which the structural 
content took in consciousness in the process of comparing. It 
will already be obvious that this pattern varies considerably from 
case to case dependent upon three general conditions. The first 
of these is the material which is presented for comparing and 
the form of presentation of the material. The second is the par- 
ticular subject who does the comparing; his imaginal type and 
the like. The third is the stage of progressive practice in which 
we find this individual. But although there are certain differences 
between individuals in the pattern of this conscious process still, 
on the whole, there is a certain and marked similarity between 
the processes as reported by our subjects. 

Let us first consider as a group the process of comparing as 
it is found for stimuli of our first three groups of experiments,— 
namely, lifted weights, visual extents and sound intensities. The 
process, in early stages of practice, was essentially a complex one 
for all of our observers and for all these sorts of stimuli. It 
consisted of a focal perception of the standard stimulus, and then 
of an immediately successive and highly focal awareness of an 
imaginal representation of the standard stimulus with a percep- 
tion of the comparison stimulus. The imaginal representation of 
the standard stimulus was usually complex, involving images of 
several modalities; the particular modalities which were present 
or focal depending upon the imaginal type of the observer, and 
apparently partly upon mere chance. We have spoken, first in 
temporal order, of the perception of the standard stimulus. It 
will be remembered in the case of the comparing of visual ex- 
tents, that the stimuli were presented simultaneously. The pro- 
tocols show that, even in this case, there were very few ex- 
periences in which the two stimuli were actually perceived simul- 


1E. L. Woods, An Experimental Analysis of the Process of Recognizing. 
Amer. Jour. of Psych., XXVI, 1915, 313-387. 

S. C. Fisher, The Process of Generalizing Abstraction; and Its Product, 
the General Concept. Psychol. Mon., XXI, No. 2, (Whole No. 90), 1916. 
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taneously,—the process, in the very great majority of the 
experiences, was of a successive sort. Gradually, as a result of 
practice, the imaginal representation of the standard stimulus 
became more and more simple. There seemed to be a singling 
out of the kinaesthetic factor and a dropping off of the occurrence 
of the images of the other modalities, no matter whether the 
stimuli were of a kinaesthetic, visual or of an auditory sort. 
Then gradually the observers reported, with more and more con- 
viction, the fact that the representation of the first stimulus was 
a kinaesthetic sensation, #.e., an actual innervation of the mus- 
culature. 

This marked the second stage of development due to practice. 
In this second stage, the process of comparing consisted essentially 
of the following experiences. There was first a perception of the 
standard stimulus, which was focal for a brief period. This per- 
ception, in the cases of lifted weights and of visual extents in- 
volved a necessary kinaesthetic reaction,—of lifting the stimulus 
in the case of lifted weights; and either of eye-movement or of 
accommodation in the case of visual extents. For the auditory 
stimuli, where no such muscular adjustment was necessary for 
the clear perception of the stimulus, there was always a motor 
reaction of “cringing’’ immediately following this perception. 
Most of the subjects reported, with all of these stimuli, that the 
muscular reaction was more focal than the actual perception. 
Then the muscular strain, which was actually innervated, was 
held from the perception of the standard stimulus to the per- 
ception of the comparison stimulus. This comparison stimulus 
was then perceived in the presence of this muscular set or pre- 
paration. In some cases the perception of the comparison 
stimulus was focal but for only a brief period; in other cases it 
never became focal. In either case the highly focal experience 
was the kinaesthetic set and the subjects reported that they were 
now aware either; 1. of an increase in the intensity of this set, 
—of a further muscular contraction,—which led to a judgment of 
“greater”; 2. of a decrease in the intensity of this set,—of a 
partial muscular relaxation,—which led to a judgment of “less”’; 
or 3. to a condition described in positive terms as a “persistence” 
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or “continuation” of the set, or negatively as an awareness that 
“no change” had taken place in the set, which led to a judgment 
of “equality.” One variant, in the case of some observers of 
the comparing of visual extents, occurred in the eye-movement 
type of process. Here the comparison stimulus was perceived 
in the presence of a motor set but now, instead of the subject 
being aware either of a mere continuation of the set or of a 
change in the set, he was aware of a sudden stopping of the eye- 
movement. He was then focally aware of perceiving either a 
part of the line, the end of the line, or the white card beyond the 
line. These perceptions led respectively to the formation of 
“greater,” “equal” or “less’’ judgments. In the case of the 
difference -judgments, the subjects vocalized the judgment at 
once and the process was completed. In the case of the equality 
judgments, however, there was usually a re-perception of the two 
stimuli, in the case of visual extents where the two stimuli were 
presented simultaneously. In the cases of lifted weights and 
auditory intensities, there was usually the rehabilitation of both 
stimuli in successive fashion and usually this rehabilitation was 
more complex than the mere kinaesthetic reactions, involving the 
imaginal representation of the stimuli themselves. 

At this second stage of practice another feature became 
prominant. This was the frequency and apparent importance of 
the formation of absolute judgments regarding the stimulli. 
These absolute judgments seemed to be immediate perceptual ex- 
periences with, in the case of some observers, universal verbal 
characterization. In the case of one of our observers,—namely 
Observer F.,—this process became essential in his comparing of 
lifted weight stimuli. This subject never employed the type of 
process which consisted essentially in an awareness of persistence 
or change in a muscular set. The process of comparing for him 
consisted, after practice, in a mere absolute tactual judgment of 
each of the weights, mediated by a very highly developed visual 
schema. 

In the experimental procedure with the comparing of visual 
extents, several of our observers reached a third stage due to 
continued practice. This was based upon the formation of the 
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type of process found for the second stage. This consisted, 
briefly, in the assuming of the motor set, always of the muscles of 
accommodation, from the perception of any given pair of lines. 
Then, when the next pair came into view, the observer was aware 
of a perception of the comparison stimulus and focally aware 
of a change or of a persistence of the motor set. In such an 
experience, the standard line of the second pair was never actually 
perceived at all. Such a third stage was never reached in the 
procedures with weights and sound intensities as stimuli. The 
reason for this is very obvious. In those arrangements where 
the stimuli were presented simultaneously, as in the case of visual 
extents, it was possible for the subject to disregard the standard 
stimulus. In those arrangements, however, where the stimuli 
were presented successively as in the case of weights and sounds, 
such a disregarding of the standard stimulus was impossible 
because the perception of such a stimulus alone filled a certain 
period of time. 

The case of comparing visual brightnesses calls for separate 
treatment. In this series the stimuli were presented simulta- 
neously and, as it turned out, so close together that parts of them 
at least could be perceived simultaneously. In this case, two 
general types of process were reported. Either the two stimuli 
were perceived simultaneously or they were perceived successively. 
In the cases where they were perceived simultaneously,—either 
both in peripheral vision or one in peripheral and the other in 
foveal vision,—the process consisted apparently in an immediate 
perceptual experience with verbal characterization of the stimuli. 
In the cases where the perceptions of the two stimuli were suc- 
cessive, the process consisted largely in the formation of an ab- 
solute judgment of each of the stimuli. This seemed to be an 
immediate perceptual experience with verbal characterization. 
Practice seemed to have little or no effect upon the process of 
comparing stimuli of this modality. In the cases of several sub- 
jects, there was a differentiation between the processes which led 
to the formulation of the difference and equality judgments. In 
the case of the difference judgments, the observer at once vocal- 
ized the judgment and then turned away from the problem. In 
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the case of the equality judgments, however, there was a con- 
tinuation of the perception of the stimuli, in some cases up to 
the end of the exposure. 

The process of comparing visual brightnesses seems to be con- 
siderably different from those of the comparing of the stimuli 
of the other modalities which we employed. The reason for this 
difference is to be found, we believe, in the fact that, in the case 
of the grays, the stimuli were so arranged that they could be 
perceived truly simultaneously. In such a case there was no 
necessity for carrying over an imaginal or kinaesthetic representa- 
tion of the first stimulus. The process of comparing in this case 
is capable of being accomplished on the mere perceptual 
level. Also we find a great emphasis, in this series, of the 
absolute judgment and of the verbal characterization of the 
stimuli in those cases where the stimuli were perceived suc- 
cessively. The reason for this may be that it is difficult to de- 
termine what sort of a kinaesthetic reaction other than verbal 
could be employed, so that the observer might carry a set from 
one stimulus to the other. This sort of absolute verbal char- 
acterization occurred less frequently in all of the other series of 
experiments. The only real difference is that, in the case of 
comparing visual brightnesses, the verbal absolute judgment was 
employed instead of the motor set as a representation of the 
standard stimulus. 

Such then is the general picture of the process of comparing 
for our different subjects, for our different materials and experi- 
mental arrangements and for the different stages of practice. 
Such a description obviously emphasizes, particularly in the later 
stages of practice, the frequent presence and apparent significance 
of kinaesthetic factors, no matter what the modality of the stimuli 
which were compared. It is a matter of great interest to know 
why the kinaesthetic modality should have this great advantage 
over all other modalities of sensation. It is a curious fact that all 
forms of sensation should be transposed into kinaesthetic terms,— 
that kinaesthesis should become the “common denominator” of 
all of the other modalities of sensation. We believe that it is 
possible to explain this on a purely speculative basis. In the cases 
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of visual and auditory, or any of the modalities other than the 
kinaesthetic, if one desires to retain a representation of an ex- 
perience, he can do this only in terms of an image. In the case 
of kinaesthesis, and this is the only modality in which it is pos- 
sble, the representation of a former experience may be retained in 
terms of an actual sensation, by actual innervation and con- 
tinued strain of the musculature involved, and not in terms of an 
image. We do not mean to deny the existence of the kinaesthetic 
image. The existence of such an image is entirely beside the 
point under discussion. We merely wish to emphasize the fact 
that in the case of the kinaesthetic modality, and here alone, there 
is a possibility of retaining a representation of a sensational ex- 
perience in terms of a true sensation by means of a continuation of 
the innervation of the muscles involved or, in other words, by an 
actually innervated kinaesthetic set. In the case of all modalities 
other than the kinaesthetic, the retaining of a representation of 
a past experience can be possible only in terms of an image. This, 
we believe, gives the kinaesthetic modality a vast superiority over 
all of the other modalities of sensation and is the reason why, in 
our experiment, we found all of the other modalities translated 
into kinaesthetic terms. 

The very frequent occurrence of the kinaesthetic set in the 
process of comparing stimuli of the different modalities, is cap- 
able of explaining several facts which have been brought out 
statistically in the experimental literature. We have spoken of 
the change from a complex form of comparison process to the 
presence of a kinaesthetic set as being due to the progressive 
practice which the subject obtains during the experimentation. 
Let us look at that relationship from another viewpoint. It has 
been determined,’ in the case of lifted weights, that one of the 
most obvious effects of progressive practice is to decrease the size 
of the interval of uncertainty, the distance between the lower and 
upper thresholds. This means, as practice continues, that fewer 


2 F. M. Urban, Der Einfluss der Uebung bei Gewichtsversuchen. Arch. f. d. 
ges: Psychol., XXIX, 1913, 271-311. 

S. W. Fernberger, The Effects of Practice in Its Initial Stages in Lifted 
Weight Experiments and Its bearing upon Anthropometric Measurements. 


Amer. Journ. of Psychol., XXVII, 1916, 261-272. 
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and fewer equality and doubtful judgments are given because the 
size of the interval of uncertainty is directly dependent upon the 
number of equality judgments. Now along with this decrease in 
the number of equality and doubtful judgments, on the statistical 
side, we find a change, on the side of the process itself, from a 
comparison made by means of an image to one made by means 
of a sensational representation of the standard stimulus. Inas- 
much as we believe that we have shown the superiority of the 
kinaesthetic sensation over the images of any modality in such 
a process, we would be surprised if this change from an imaginal 
to a truly sensational form of comparison were not accompanied 
by a decrease in the number of equality and doubtful judgments 
which the subjects reports. Such a decrease would show itself, 
as it actually does, in a decrease in the size of the interval of un- 
certainty or in an apparent increase of the sensitivity of the 
subject. 

Some time ago we found® that mental work had practically no 
effect, or at least a very variable effect, upon the formation of 
judgments in lifted weight experiments. Physical work, which 
consisted in tiring the hand which did the lifting up to the point 
of painful fatigue, had a very great effect in markedly increasing 
the size of the interval of uncertainty and in very markedly de- 
creasing the size of the point of subjective equality. The sub- 
jects employed in this investigation were highly trained observers 
and hence we may believe that the process of comparing for them 
consisted essentially in the presence of a kinaesthetic set oc- 
casioned by the lifting of the standard stimulus and of 
an awareness of persistence or of change in this kinaesthetic set 
immediately following the perception of the comparison stimulus. 
The statistical results argue most strongly for this kinaesthetic 
set being present in actual innervation of the muscles and not as 
an image. If the set were present as an actual innervation, one 
would expect that physical fatigue of these same muscles would 
tend to make the determinations less accurate. A decrease in 


*S. W. Fernberger, The Influence of Mental and Physical Work on the 
Formation of Judgments in Lifted Weight Experiments. Jour. of Exper. 


Psychol., I, 1916, 508-532. 
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accuracy is always present in terms of an increase in the number 
of equality and doubtful judgments, which show statistically as 
an increase in the size of the interval of uncertainty. This is. 
exactly what a statistical treatment of the results did show. But 
the marked lowering of the point of subjective equality as a re- 
sult of physical work argues still more strongly for the fact that 
this kinaesthetic set is actual and not imaginal. With physical 
fatigue of the peripheral muscles concerned in the lifting, one 
would expect that there would be an inability to hold the set at 
its proper intensity. In other words, a fatigued muscle tends to 
relax. Hence this partial relaxation of the set leads to an over- 
estimation of the comparison weight and obviously shows itself, 
statistically, as a decrease of the size of the point of subjective 
equality. If this kinaesthetic representation of the first stimulus 
were an imaginal experience, we would expect mental work to 
have the above effect because mental work would tend to decrease 
the ability of the subject to hold an image at its constant in- 
tensity. On the other hand, we should expect mental work to 
have but little effect on the ability to maintain an actual contrac- 
tion. The statistical results point to exactly the opposite con- 
clusion. 

But what is perhaps of still greater importance is the fact that 
the presence of this motor set explains the distinction which has 
been made by some experimenters between the equality and differ- 
ence judgments. From Fechner down there has been a great 
deal of discussion about the choice of judgments to be made in a 
psychophysical experiment. Fechner* objected to the use of 
the equality judgments. Other investigators who have objected 
to the use of the equality and doubtful judgments are Fullerton 
and Cattell, Jastrow, Higier, Sanford and Brown.° It has been 


4G. T. Fechner, Elemente der Psychophysik., 2d. Edition, Leipzig, 1880, 
Vol. I, p. 72 ff. 

5G. S. Fullerton and J. Mc.K. Cattell, The Perception of Small Differences. 
Philadelphia, 1802, Pp. 59 ff. 

J. Jastrow, A Critique of Psycho-Physic Methods. Amer. Journ. of 
Psychol., I, 1887, 271-300. 

H. Higier, Experimentelle Priifung der psychophysischen Methoden in 
Bereiche des Raumsinnes der Netzhaut. Phil. Stud., VII, 1892, 232-208. 

E. C. Sanford, A Course in Experimental Psychology. Boston, 1808, Pp. 
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noted then from the early experiments that there has been a 
difficulty in handling the equality judgments. There can be no 
doubt that the true equality judgment does exist but it seems to 
be particularly dependent upon the subjective standards of the 
observer. We determined the influence of these subjective stand- 
ards by an experiment in lifted weights.’ In this experiment we 
employed two groups of subjects. To the first group we gave 
the usual instructions, which we believe led to the formation of 
an attitude of looking for a difference. To the second group we 
emphasized the occurrence of the equality judgments in our in- 
structions. The results show that many more equality judg- 
ments were given by the second group, and hence the interval of 
uncertainty ‘for this group was larger than that for the other. 
An introspective analysis of this particuiar problem has recently 
been published by George.’ He works with sound intensities and 
visual extents as stimuli and he was particularly interested in 
studying the mental basis of the doubtful judgment. He finds 
that a low degree of subjective assurance and expectation are two 
very potent factors in the formation of these judgments. He 
also closely identifies the “‘non-difference” judgment with doubt 
on the part of the observer. George’s published introspections are 
so definitely toward describing his particular problem of the 
attitude of the subject, rather than of an analysis of the process 
of comparing in general, that it is impossible to comparé the 
results of his study with the reports of our observers. 

We have shown in our historical sketch above that many in- 
vestigators have insisted that all equality judgments are negative 
in character from the introspective side. Hayden believes that 
judgments of equality are only made when the criteria for the 
other judgments are lacking, and that they are always accom- 
panied by uncertainty. Angell, working in the field of sound 
intensities, takes up this problem of the negative character of the 


Doctrine of the Threshold, in the Case of Lifted Weights. Univ. of Calif. 
Pub. in Psychol., I, 1910, Pp. 6 ff. 
6S. W. Fernberger, The Effect of the Attitude of the Subject upon the 
Measure of Sensitivity. Amer. Journ. of Psychol., XXV, 1914, 538-543. 
7S. S. George, Attitude in Relation to the Psychophysical Judgment. Amer. 
Jour. of Psychol., XXVIII, 1917, 1-37. 
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equality judgments. His analysis shows that equality judgments 
are almost always negative in character in the early stages of 
practice. In the course of time, however, this absence of differ- 
ence becomes a positive mark and, then, equality judgments are 
given with a great degree of conviction. Angell conceives the 
structural basis of this change as due to the development of an 
abstract state of knowing,—a Bewusstheit. Whipple draws a 
distinction between the difference and equality judgments, in- 
asmuch as the processes which led to the formation of the equality 
judgment were less immediate and usually had an alternation of 
images of the two stimuli, which was not present for the processes 
which led to the formation of the difference judgments. 

Our own experiments also show a difference, for most of our 
series and for most of our subjects, between the character of the 
difference and equality judgments. Whether this is because our 
subjects had an “active attitude” rather than the “passive atti- 
tude” recommended by George, we are unable to say. At any rate 
the difference existed. In the first place the quality judgments 
were seldom so immediate as the difference judgments and they 
were usually given with a lower degree of subjective assurance. 
Thus, in the case of the difference judgments, the judgment was 
vocalized at once and the process was completed. In the case of 
the equality judgments, there was almost invariably a verification 
experience, which consisted in an alternation either of a percep- 
tion of the two stimuli or of an imaginal representation of them. 
Such a verification process was frequently accompanied by un- 
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pleasantness_; and d_general_ bodily strains. Furthermore, after 
practice and with the development of a kinaesthetic set as the 
basis for comparing, the difference judgments were always de- 
scribed in positive terms, while the equality judgments were 
almost always described in negative terms. Thus the process for 
a “greater” or “less” judgment was described as an awareness of 
increase or decrease in the kinaesthetic set. The process leading 
to the formulation of an equality judgment was described as an 
awareness of “no change” in this kinaesthetic set. In some in- 
stances this was described in positive terms as a “persistence” or 
a “continuation” of the muscular set, but these cases are far in 
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the minority. This seems to be direct evidence that there is a 
difference between these two experiences. 

The question at once arises if we are not dealing here with a 
mere verbal difficulty. That is, the expression “no change’ was 
simply used as the opposite of “change” without any idea in the 
mind of the observer that he was describing his processes in ne- 
gative terms. We do not believe that this is the case but rather that 
here we have a real difference. It is reasonable to believe that an 
observer would be more readily aware of a change of kinaesthesis 
than of the fact that there has been a mere persistence of the 
process. An observer would be more readily aware that the 
muscles in his neck are contracting or relaxing, than simply that 
the muscles of his neck are contracted. Such a state of affairs 
would undoubtedly lead to the formation of an attitude of look- 
ing for a difference, inasmuch as a difference is more readily and 
more clearly perceived. Once this attitude had been formed the 
subject would view with suspicion all experiences in which he 
was unable to note a change. Thus these would be accompanied 
by a low degree of subjective assurance because the observer 
would believe that he might have missed the perception of a slight 
change. This would lead to a verification process which would 
consist in a repetition of the process. As a matter of fact, the 
introspections of our observers show that this is exactly what does 
happen in the single experience. Whether the speculative picture 
of the genetic development of this attitude is true or not we are 
unable to tell from our protocols. Certainly such a state of affairs 
would account for the negative character of the equality judg- 
ment after the attitude of looking for a difference has been 
developed, in those experiences in which a kinaesthetic set had 
been employed. The formation of this attitude of looking for a 
difference is conditioned, we believe, by the fact that a muscular 
change is more apt to get into focal consciousness than a mere 
awareness of persisting muscular strain. 

There is other direct evidence of the truth of this contention 
from the reports of our observers. This is found in the fact 
that no differentiation could be made between the difference and 
equality judgments, in those experiences in which a kinaesthetic 
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set was not present, and more particularly in those experiences in 
which the judgment was made entirely on the basis of an ab- 
solute impression of each of the stimuli. In such experiences 
there were no verification processes reported, in the case of the 
equality judgments. Also the equality judgments were vocalized 


apparently as immediately and the process completed as rapidly 


as were those of difference. 

The discussion of verbal difficulties leads us to quite a different 
matter,—namely the use of the term “recognition” for the aware- 
ness of difference or equality in processes of this sort. If the term 
“recognition” should ever be properly applied to this sort of ex- 
perience, one would certainly expect to be most true in the case 
of the equality judgments. We are in an extremely interesting 
position for the giving of definite evidence on this question, inas- 
much as Wood’s experiment in the analysis of the process of 
recognizing was carried on in this same laboratory partly simul- 
taneously with our own experiments.* Indeed Observers F., Fs., 
and W. took part in both experiments and Dr. Woods (Wd.) 
was herself an observer in our investigation. It is doubtful if 
such an opportunity for comparing two related processes has ever 
occurred in the literature, the analyses being made in the same 
laboratory, partly simultaneously and in part with the same 
group of subjects. We may say, briefly but most definitely, that 
the process of comparing is by no means to be confounded with 
the process of recognizing. From the purely structural side, the 
results of the two investigations are in entire agreement; inas- 
much as sensations, images and affections proved to be the 
elemental experiences in both cases. But the “pattern” of these 
experiences in consciousness differs very greatly for the pro- 
cesses of recognizing and of comparing as described by the ob- 
servers in the two investigations. 

Finally the protocols of our observers bear upon one other 
point. It has been found statistically that when two stimuli are 
exposed simultaneously, but obviously in different spatial arrange- 
ment, that there is a movement of the point of subjective equality. 


8 E. L. Woods, An Experimental Analysis of the Process of Recognizing. 
Amer. Jour. of Psychol., XXVI, 1915, 313-387. 
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The term “space error” has been applied to this group of facts. 
In the case of weights lifted simultaneously, this may be due to 
differences in sensitivity in the two hands. But in the case of an 
arrangement such as the comparing of visual extents in our ex- 
periments, the facts are capable of a very different interpretation. 
Because two stimuli are exposed simultaneously there is no 
guarantee that they will be perceived simultaneously. Indeed 
the reports of our observers show, with this particular arrange- 
ment which we employed, that the two stimuli were almost always 
perceived successively. Hence it would seem that we are here 
dealing, not with a space error in the true sense of the word, but 
really with a form of time error. The presence of a time error 
would obviously be explained in the usual manner,—namely that 
the imaginal or kinaesthetic representation of the standard stim- 
ulus has a tendency to decrease in intensity, and hence leads to an 
overestimation of the comparison stimulus. 














VI. Conclusions 


1. The structural components of the process of comparing 
we found to be primarily sensations and images. At first there 
was a tendency for the image to be present in consciousness to a 
much greater extent than the sensation, but with practice these 
relations tended to be reversed. Affections were infrequently 
reported. Affections do not seem to be an essential part of the 
process of comparing but seem, rather, to be bound up with the 
degree of subjective assurance for the observer. 

2. The attributive pattern of the process of comparing varies 
to a certain extent with the materials presented, with the par- 
ticular subject and with the stage of practice in which we find 
the subject. At least three stages of practice are to be observed, 
with a more or less typical kind of process for each. 

a. With early practice the process consisted essentially in a 
rapidly successive and focal awareness of an imaginal represen- 
tation of the standard stimulus with a perception of the com- 
parison stimulus. This imaginal representation of the standard 
stimulus was at first relatively complex; consisting of images of 
several modalities, although almost invariably kinaesthetic images 
were present no matter what the modality of the stimulus. Grad- 
ually this kinaesthetic experience was described as a sensation and 
not as an image. 

b. In the second stage, the process of comparing consisted 
essentially in a perception of the standard stimulus followed by a 
focal kinaesthetic reaction. This reaction was then retained as 
an actually innervated muscular set. The comparison stimulus 
was then perceived in the presence of this set and the subject was 
then aware either of an increase, decrease, or of a persistence 
(no change) in this set. These experiences led to the formation 
of the “greater,” “less” and “equality” judgments respectively. 
Such a process was most frequently reported for our experiments 
with lifted weights, visual extents and sound intensities as stimulli. 
Another form of process, reported at this stage of practice, con- 
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sisted essentially in the formation of an absolute judgment on 
each of the two stimuli. This absolute judgment seemed to be 
largely an immediate perceptual experience, with either vocal- 
motor characterization or the use of a visual imaginal schema. 
Such a process was most frequently reported for the comparing 
of visual brightnesses. 

c. In the case of our series of the comparing of visual ex- 
tents, a third stage was reached by several of our subjects due to 
continued practice. In the process of comparing at this stage we 
found merely a perception of the comparison stimulus directly, 
in the presence of a kinaesthetic set carried over from the pair of 
lines which had been exposed just before. The observer was then 
aware of an increase, decrease or persistence of this kinaesthetic 
set. In such a procedure the standard stimulus was never per- 
ceived at all. It is obvious that this third stage can only be 
reached in those arrangements where the two stimuli are pre- 
sented simultaneously, inasmuch as in the successive presentation 
the awareness of the standard stimulus fills consciousness for a 
time. 

3. We find certain differences between the processes which 
led to the formation of the equality and difference judgments in 
the case of most of our observers. In the case of the difference 
judgments there was immediate vocalization and the process was 
completed. In the case of the equality judgments, there was 
usually a verification process between the initial formulation of 
the judgment and the vocalization. This verification process, 
which consisted essentially in a perceptual or an imaginal alterna- 
tion of the two stimuli, was very frequently accompanied by 
unpleasantness and general bodily strains. This general attitude 
of doubt is probably due to the negative character of the equality 
judgment, inasmuch as the subject has assumed the attitude of 
looking for a difference. This latter had been developed, we be- 
lieve, because in the experiences involving a kinaesthetic set, the 
observer was more easily and focally aware of an increase or 
decrease in the intensity of the muscular contraction than he was 
of a mere awareness of a muscular strain. In those experiences 
which consisted essentially of the formation of absolute judg- 
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ments and not involving the kinaesthetic set, there was seldom 
any difference between the character of the processes which led 
to the formation of the equality and difference judgments. 

4. The concept of the process of comparing, which consists 
essentially in the awareness of a change or persistence of an 
actually innervated muscular set, is capable of explaining several 
groups of facts which have been discovered statistically for the 
practiced subject. Among these are the effects of progressive 
practice, the effects of mental and physical work in the formation 
of judgments in lifted weight experiments, and the formation of 
the attitude of looking for a difference in the performing of a 
psychophysical experiment. 








